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PREFACE. 


The present book is intended to be a companion volume to “ Plant Succes- 
sion,” The latter was planned to contain several chapters on the applications 
of ecology, but these were omitted on account of the lack of space. Chief 
among these was the consideration of succession as the primary basis for a 
system of indicator plants, and this has been made the theme of the present 
treatise. For the sake of clearness, it has been necessary to give a concise 
account of the climax communities of the region concerned. The original 
plan included a brief summary of the priseres and subseres of the various 
climaxes, but the limitations of space have precluded this. The same reason 
has made it desirable to deal with principles and examples in the three fields 
of practice, rather than to attempt a complete account of the host of climax 
and serai communities which serve as indicators. The general principles and 
specific indicators have been tested repeatedly during the field work of the 
past five years, and the treatment has profited from the fact that a special 
inquiry into indicator relations throughout the West was made during the 
season of 1918. 

It is believed that succession and indicators constitute the most essential 
and useful form into which the results of research can be put for practical use. 
They are the fundamental responses of plant and community to the conditions 
in control, and hence contain their judgment as to the fitness of the environ- 
ment in which they grow or are to be grown. Such responses require transla- 
tion into familiar terms, and for this purpose the quantitative analysis of 
habitats and responses by means of instruments and phytometers is indis- 
pensable. Moreover, habitat and response vary not only with the develop- 
ment of the community, but also in accordance with the phases of the climatic 
cycle. The importance of the latter can hardly be overestimated, and it seems 
certain that the climatic cycle must be accorded a unique position in all future 
research and practice. 

The indicator method will naturally have its greatest usefulness in new or 
partly settled regions. While the results given apply only to western North 
America, and to the western United States particularly, the principles and 
methods are of universal application. They should be of especial value on 
other continents where there is still a distinct frontier. Australia, South 
Africa, and South America should furnish fertile soil for indicator investigations 
and applications, while large portions of Asia and northern Africa should 
possess almost equal promise for this work. Even in Europe and in other 
thickly settled regions, indicator studies will have much value, and this will be 
true everywhere that natural or semi-natural vegetation is found. Indeed, 
it is probable that indicator methods in some form will come to be applied to 
all cultural vegetation with the advance of quantitative ecology and the dis- 
appearance of the artificial barrier between science and practice. 

The author is under especial obligation to Dr. EL L. Shantz for many 
helpful suggestions arising from the reading of the manuscript. 'Grateful 
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acknowledgment is made of the indispensable help given by Dr. Edit h ’Elem- 
ents, who has assisted throughout the field work, made the larger i mi fiber of 
the photographs, and read the manuscript. The latter has also been read by 
Dr, EL M. Hall and Dr. J. E, Weaver, to whom acknowledgment is given. 
The author is indebted to Dr. Frances Long and Miss Kona Huber, who have 
aided in many ways in the preparation of the manuscript and the* illusf rat ions. 
Prints for several of the forest illustrations have been furnished by Dr. ( L K, 
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F. C. Kelton, to whom due acknowledgment is made, 
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THE RELATION OF PLANT COMMUNITIES 
TO PROCESS AND PRACTICE 
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PLANT INDICATORS 



By Frederic E. Clements 




I. CONCEPT AND HISTORY. 

The practical aspect. — Every plant is a measure of the conditions under which 
it grows. To this extent it is an index of soil and climate, and consequently an 
indicator of the behavior of other plants and of animals in the same spot. A 
vague recognition of the relation between plants and soil must have marked 
the very beginnings of agriculture. In a general way it has played its part m 
the colonization of new countries and the spread of cultivation into new areas, 
but the use of indicator plants in aetual practice has remained slight, ms 
obviously of greatest importance in newly settled regions. However, it is in 
just these regions that experience is lacking and correlation correspondingly 
difficult. In fact the pioneer is often misled by his endeavor to transfer the 
experience gained in his former home to a new and different region. Differ- 
ences of vegetation and climate, and often of soil as. well, make a wholly new 
complex of relations. As a consequence, the settler is very apt to go astray in 
reaching conclusions as to the significance of a particular plant. As the roun- 
try becomes more settled, experience accumulates and makes it increasingly 
possible to recognize helpful correlations. But this period usually passes too 
quickly to establish a procedure before the native plants have disappeared, 
except from roadsides, meadows, and pastures. The manner and degree of 
utilization of natural meadows and pastures are clearly indicated by the 
plants in them . Yet it is exceptional that these indicators are recognized and 
made use of by the farmer. 

The scientific aspect. — On the scientific side, the concept of indicators could 
hardly be expected to emerge until plant physiology had made a beginning. 
Looking backward, one discerns something of this idea in the studies of vege- 
tational changes by King (1685:950), Degner (1729), Buffon (1742:234, 237), 
and Biberg (1749 : 6, 27) - 1 It is likewise suggested in the description of stations 
bv Linn6 (1751:265) and especially by Hedcnberg (1754:73). The basic 
correlations were made definite by De Luc (1806: Plant Succession, 10) m his 
studies of succession in peat-bogs and by Schouw (1823: 157, 166) in the clas- 
sification of plants by habitats. The idea is more or less in evidence m the 
long series of observations and discussions relating to the chemical theory of 
the influence of soils. The chief proponents of the chemical theory were Unger 
(1836), Sendtner (1854), Naegeli (1865), Fliehe and Grandeau (1873), Bonnier 
(1879), Contejean (1881), Hilgard (1888, 1906), and Schimper (1898, 1903). 
The founder of the physical theory was Thurmann (1849), though his views 
necessarily placed his results in more or less harmony with the water-content 
classification of Schouw. The century-old controversy over the chemical 
theory has centered around the question of the importance of lime m the soil. 
While the broadening of ecological research has thrown this question more and 
more into the background, there is still anything but unanimity of opinion 
concerning it. While it is felt that the problem can be solved only by more 
comprehensive and thoroughgoing experimentatio n than it has yet received, 

’ let Bant Succession, 1916:8-10; Development and Structure of Vegetation, 1904:12. 
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te'Smi ofte“io shade had kviM of indicator value, but these 
were nevei - bro topsoil were based upon the response of the 
indSdSd or species. The first serious 

ST) also recognized the indicator value of native 

virgin region, Bcshej (lbH^ TiU^ a b development of agriculture. 

of gSScS^of vegetational studies stimulated the develop- 
m the ‘‘Phytogeography of Nebraska” Pound 
muit >i cio fry ■ i u Development and Structure of \egetation 

StSfl w »: tffi ntter the need of quantitative studies of habitat 
and community and the importance of succession were tat emphasised, an i l 
fw Cm made the basis of a definite quantitative system m « Research Meth- 

/ trcAloirv” (Clements 1905). As a consequence, the way was prepared 

ods xn Ecology (C h , jant community a* an indicator with 

InLother direction, E. S. ClementB (1905 
made a searching investigation of the relation of leaf structure to different 
Sc al'd habitats and laid the foundation for the use of habitat-forma and 

eC So‘de™lo»mmt of the idea that plants arc indicators of climate is more 

Vfr ' Trmrnefort (1717) probably furnished the first recorded 

difflouit to trace 1 ouroofort ^ ^ slopes ot Moimt Ararat 

teed ml y spcciVs o southern Europe, white still higher appeared a flora 
snowea mauy , summit, grew arctic plants such as those 

of”Laptad Perhalis the most important 

0SW. 1003:200). 3n 

noneof* tb«!ets*ther e a! distinct recognition of the indicator coneept . . Tm « 
fcwtee tree of the Mtet tlW^appSri' ThetSr 

for organizing the first system of climatic indicators. As to the soil, Uiigdra 
, to 5 redded as the pioneer in recognizing the great po«b. . m ; o f ay terns 
nf t ficators and applying this on an adequate scale, and febants as the im es- 
ho h“ pSd the whole matter upon an adequate scientific basis. 

HISTORICAL. 

Tn „ j, enera i account of the important steps in the spread of the indicator 
appears best to deal only with those studies m which the concept is 

sis 

S S pS, but to many reasons it has proved undesirable to treat these m 
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detail. The following accounts are of these researches in which the term 
indicator is actually employed or in which the use of instrument, quadrat, or 
sucessional methods gives them distinct indicator objectives. 

AGRICULTURAL INDICATORS. 

Hilgard, 1860 —The following excerpt will serve to show that ffilgard was 
the first investigator to recognize clearly the importance of indicators in soil 
studies and to make actual use of them in determining the agricultural possi- 
bilities of new lands. A further account of his views and results is given on 
a later page. 

“Judging of land by its natural vegetation. The distinction just men- 
tioned so far from being of merely theoretical value, is one of the highest 
practical importance. Agriculturists are accustomed to judge of the quality 
Ef lands by the natural vegetation which they find upon it; and they rarely 
direct their attention to anything but the forest trees. Y et these are, for the 
most part, indicative rather of what, in the agricultural sense is termed the 
subsoU, than that of the surface stratum usually turned by ^e plow m the 
shallow tillage prevailing at present, which may be of a totally different 

Ch ^ a general thing, the forest growth when considered not only with regard 
to the kind (species), but also to the form and size of the trees, 1S a very safe 
guide in judging of the quality of land, and the systematic study of the subject 
in connection with analyses of soils, promises results of a highly practical 
importance, which it is intended to communicate more fully m a future report. 
But this criterion may not infrequently lead to grave mistakes unless a proper 
examination of the soil and subsoil be made at the same time. 

“These examples may suffice to show that while m the forest trees we possess 
trustworthy guides to a knowledge of the character of the material in wmcn 
their roots are buried, it is quite essential to determine at the same time, by 
inspection, that it is the arable soil itself, and not merely the subsoil, which is 
thus characterized ; and we should especially make sure that the smaller plants, 
viz, the shrubs and perennials, corroborate the evidence of the tiees. Annuals 
are less reliable in their indications because their development is to a greater 
extent influenced by the accidental circumstances of the seasons. 

Chamberlin, 1877— Chamberlin shares with Hilgard the honor of being a 
pioneer in the use of native plants to indicate the agricultural possibilities of 
a region (1877 : 176). He deserves especial credit for being the first to recog- 
nize that the community was a better indicator than the species, and for classi- 
fying the vegetation of Wisconsin into communities with more or less definite 
indicator value. Several of Chamberlin’s associates on the Geological Survey 
of Wisconsin made more or less use of his system of indicators (Wooster, 1882: 
146; King, 1882: 614; Irving, 1880: 89), though it unfortunately appears to 
have remained unknown to botanists, and consequently led to no further work 
in this field. 

“The most reliable natural indications of the agricultural capabilities of a 
district are to be found in its native vegetation.^ The natural flora may be 
regarded as the result of nature’s experiments in crop raising through the 
thousands of years that have elapsed since the region became covered with 
vegetation. If we set aside the inherent nature of the several plants^ the 
native vegetation mav be regarded as a natural correlation of the combined 
agricultural influences of soil, climate, topography, drainage and underlying 
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formations and Mr effect™ it "ggm**-* 

» *"■** *- 

pearmg, and a record of it ^ !V^ t occupy exclusively anv considerable 

“It is rare n nature that a between nature’s 

territory, and m itlnsj &pect tK - 1 mixed crops, the latter chiefly 

I(ie thods and those man. of knts is uo t miscellaneous or 

ample ones. But a with each other without 

fortuitous. 1 Ucy aic not intu..t *L lf r f , f » lir ; n grout >s or communities 

regard to their fitness to . ' y } ( t j u ‘ r am j their common surround- 

the members of which are adaploj to w !l ot a, i. « « y f } • h pra(;t j, u i 

toes. It h®. tta> a on whal arc ft, 

^%3Sai; tan S* fail to I* I.rnduciivo 

0f «ft-MwSmtuml groups are usually well marked, though of course 
The following iuu g therc ; s u gradual transition from the condi- 

they merge in ; - - „ 1{ to those advantageous to another. In some 

tions favorable lor mu. gi< circumstances than natural 

instances it is taq**i* S LSn S toplaS and an effort has been 
adaptability contiol tb • ' t discern these cases and eliminate them 

made m the • i5 t t r id; L 1 0 !h t ! 1 i e tho ^ mms that are given here are believed to be 
from the results, ho that the gio f. ut ; on is held to show in what 

^SU*^UtS S iSUlIarI?advanW^«mV to them occur, and hence advan- 
tagt“hoS cultivated plants that require similar condition, 

' Uo nnthor has used both class and group as synonyms of commumly, but 
the^t^S^ed in the following list for the sake of clearness: 


A. Upland vegetation* 

(1) Herbaceous. 

1. Prairie community. 

<2) Arboruotw. 

2. Oak community. 

3. Oak and maple community. 

4. Maple community. 

5. Maple and beech community. 

6. Hardwood and conifer community. 

7. Pine community. 

K Limestone led^e community. 

9. Comprehensive community. 


Marsh vwtulitm. 

It), Crass and wadjm community. 

11. Heath community, 

12, Tamarac cfmmmrdty. 

Kb Arbor vitae eomnmmty, ( 

14. Spruce community. 

. Communities intermedium between 
upland and marsh. 

15. Black ash community^ 

10, Yellow birch community. 


Memam 1898-In “Life Zones and Crop Zones,” Merriam summarized the 
J?2Sf evidence as to the climatic indications for crop plants. J his was 
*jr rinsed in relation to seven life zones based theoretically upon tempera tuie, 
but detemiined f<>r the most part by the distribution of native plants and 
but detun ■ attempt to organize a vast field, it deserves great credit, 

even 'though later studies have rendered his zonal classification of secondary 
X The author ^ understanding of the nature and scope of climatic indi- 
cators is best shown by the following excerpts. . 
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tribution of our native land animals and plants, and mapping the boundaries 
of the areas they inhabit. The present report is intended to explain the rela- 
tions of this work to practical agriculture and to show the results thus far 
attained. 

“It was early learned that North America is divisible into seven transconti- 
nental belts or life zones and a much larger number of minor areas or faunas , 
each characterized by particular associations of animals and plants. It was 
then suspected that these same zones and areas, up to the northern limit of 
profitable agriculture, are adapted to the needs of particular kinds or varieties 
of cultivated crops, and this has since been fully established. When, there- 
fore, the natural life zones and areas, seemingly of interest only to the natur- 
alist, were found to be natural crop belts and areas, they became at once of the 
highest importance to the agriculturist. A map showing their position and 
boundaries accompanies this report, and lists of the more important crops of 
each belt and its principal subdivisions are here for the first time published. 
The matter relating to the native animals and plants has been reduced to a 
fragmentary outline for the reason that this branch of the subject is of com- 
paratively little interest to the farmer and fruit-grower.” (p. 7.) 

“The Biological Survey aims to define and map the natural agricultural 
belts of the United States, to ascertain what products of the soil can and what 
can not be grown successfully in each, to guide the farmer in the intelligent 
introduction of foreign crops, and to point out his friends and enemies among 
the native birds and mammals, thereby helping him to utilize the beneficial 
and ward off the harmful kinds.” (p. 9.) 

“The farmers of the United States spend vast sums of money each year in 
trying to find out whether a particular fruit, vegetable, or cereal will or will not 
thrive in localities where it has not been tested. Most of these experiments 
result in disappointment and pecuniary loss. It makes little difference 
whether the crop experimented with comes from the remotest parts of the 
earth or from a neighboring State, the result is essentially the same, for the 
main cost is the labor of cultivation and the use of the land. If the crop 
happens to be one that requires a period of years for the test, the loss from its 
failure is proportionately great. 

“The cause of failure in the great majority of cases is climatic unfitness. 
The quantity, distribution or interrelation of heat and moisture may be at 
fault. Thus, while the total quantity of heat may be adequate, the moisture 
may be inadequate, or the moisture may be adequate and the heat inadequate, 
or the quantities of heat and moisture may be too great or too small with 
respect to one another or to the time of year, and so on. What the farmer 
wants to know is how to tell in advance whether the climatic conditions on his 
own farm are fit or unfit for the particular crop he has in view, and what crops 
he can raise with reasonable certainty. It requires no argument to show that 
the answers to these questions would be worth in the aggregate hundreds of 
thousands of dollars yearly to the American fanner. The Biological Survey 
aims to furnish these answers.”” 

Life-zone surveys upon the basis laid down by Merriam have been made by 
Bailey for Texas (1905) and New Mexico (1913), and by Cary for Colorado 
(1911) and Wyoming (1917). Bobbins (1917) has made a somewhat similar 
study of the zonal relations in Colorado with reference to plants alone. Hall 
and Grinnell (1919:37) have recently published comprehensive lists of plants 
and animals which are regarded as 'life-zone indicators” for California. 'As 
with Merriam's life zones, these are fioristic and faunistic in character and 
hence do not necessarily correspond with community indicators. 
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Hilsrard 1906 —In summarizing liis soil studies of more than 50 years, Hil- 
My and L* hi- m. f M,ca or vahe o 
**: w vegetation. This account makes it clear that to llilgaid must oe gnen 
the greatCTedit of being the first to adequately realize the significance of indi- 
cators and to urge their inclusion in a basic agricultural methoc .. . 

„ Th(l ; ninortance 0 { the natural relations of each soil to vegetation is obvi- 

?! nn A anils ’hv natural selection and the survival of the fittest. 


of this axiom is almost self-evident; it is explicitly 
1 , h© geo nf ef 4 flora in new regions of scdcctittjj lands 

recognized in forest growth thereon; it is even legally recognized by 

STSSSSS 5t* SSfiES. w- 1- p-p— * — - - 

a«stnnpti°n8j fa _ _ , -5 t j mt j C( j a distinguished writer on agriculture 

SSjffiiffiwiSt ihen, with the natural vegetation and the correspond- 
a very aixtercm aspect wuui, *> ^ f fetors noon which the 

ing cultural expemnee as depends, by the physical and chemical 

observed I natwid «5£52t£l& to It is further obvious that these factors 
examination of the respect *° f; H fi P d in m inlying them to those cases in 

Schlte 5S’ ik ofyiSion'i ataiit, ns the result of w M 
have not materiailv altered the natuial condition ot the 

“It was from this standpoint that the writer originally uiidertook, i lbn/ , 

SS OT?JSSiont ot land. Such trained observers should not merely do 
SSL ' untutored farmer/ but a great deal better (p. 315.) 

T'hk nftliude toward plants and vegetation as indicators prevails tlnough*- 
J £ treated in considerable detail for the first time 

* pp nn tAr <3 XXIV to XXVI. These deal respectively with the recognition of 
the their native vegetation, in Mississippi, and a the 

United States and Europe generally, and with the vegetation of saline and 
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alkali lands. While the author ascribes primary importance to the presence 
of lime, he does not fail to assign great value to water, especially in the West. 
He not only recognizes the indicator value of the presence of a particular 
species or group of species, but also takes into account the size, form, and 
development of the indicators. Significant tables and lists of indicators are 
given on pages 490, 497, 514r-516, 518-519, and 536. In so far as these con- 
cern the West, they are considered in Chapters V, VI, and VII. 

Clements, 1910.— In 1908, the work of the Botanical Survey of Minnesota 
was reorg aniz ed upon an ecological basis, for the purpose of making a classifica- 
tion and use survey of the lands of the State. The objectives of the survey were 
defined as follows (Clements, 1910:52) : 

“The first step in determining the final possibilities of Minnesota in plant 
production is to ascertain just what the conditions of soil and climate are from 
the standpoint of the plant. This must be determined separately for the two 
great groups of lands, those still unoccupied and those now in use. For the 
former, a knowledge of soil and climate and of the plant’s relation to them is 
necessary to determine what primary crop, grain, forage, or forest is best. 
For the farms of the State, the best use is a matter of knowing the soil and cli- 
mate differences of regions and fields, and of taking advantage of these in crop 
production. For the unoccupied lands of Minnesota, we need a classification 
survey to determine the best use of different areas, to prevent the waste of 
• human effort and happiness involved in trying to secure from the land what it 
can not give and yet to insure that the land will reach as quickly as possible 
its maximum permanent return. For occupied lands, the study and mapping 
of soil and climatic conditions would constitute a use survey of the greatest 
value in adjusting plant production to the conditions which control it. 

“The chief object of a classification survey is to group the unoccupied lands 
of the State as accurately as possible into three great divisions: (1) agricul- 
tural land, for crop production; (2) pasture land, for dairying and stock raising; 
(3) forest land, for lumbering, water regulation, and recreation parks. Such a 
division would be determined primarily by studies of soil and climate, neces- 
sarily supplemented by the evidence of native vegetation itself and of such 
cultivation as has been tried. The value of classification depends upon its 
accuracy, but the study of an area from these three standpoints neglects no 
source of evidence, and discloses practically all that can be learned of the 
possibilities.” 

The survey method was based upon the instrumental and quadrat study of 
habitats and communities, cultural as well as natural. The main divisions 
were vegetation mapping, the determination of indicators, and the study of 
succession. Vegetation and physiography were recorded on maps in which 
each division of 40 acres was represented by a square decimeter. Quadrat 
, and transect charts were made of typical communities in each section of the 
township, and determinations of physical factors in all charted quadrats. 
The indicator work was devoted to the recognition of indicator species and 
communities so closely dependent upon water-content, soil, acidity, or light 
that they could always be used as indicating a certain set of conditions. 
Especial attention was given to the correlation of indicators with crop plants 
and with the secondary successions in burns, cutovers, fallow fields, pastures, 
roadsides, etc. Four townships were mapped upon this basis in 1912, and a 
large number of successional areas from 1913 to 1916. Some of the general 
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results have already been published (Bergman and Stailard, 1910; Btallard, 
1916 ; Beitmin, 1919; Btallard, 1919), while a. part of the indicator finding* are 
discussed later (Chapter 111). 

ai mn i 7 tail —The study of the natural vegetation of iho, lireat I mm 
J tS is the classic work on indicator plants. It was the first avowed 
initiation of indicators to be based upon tlic three cardinal points, namely, 
^St ition succession, and quadrats, and will long serve as the model 

SfSK322'S*i» «. filu- Bee* of it, ««* ****** «;■> 

SnJ Zm he eoeedtad for the details. Hero it most «*m to <l„oto 

the author’s general principles, (p. 9.) 

,, (W ,K,rsons who have occasion to examine new land in 

u,™ the 

order to torn a } « w 3„» as an indicator of its crop-producing 

natural vegetsd , J ‘ u „ possibilities of error in judging laud upon this 

elated botanically and very similar in appear- 
basis. JffXowS < w'm* conditions of soil and climate. The popular 
anee may inatc^ti qur <tu i t * * , , onfusioi1 . Thus, the farmer who has 

names of P'^ts are i * j { ‘greasewood’ is an indicator of alkali 

earned m the GjJ »Jf “ S v g ow.s on land free from alkali, will find if 
and and that ’ ;„, lt beast ern California that the scrub there 

he moves to wwttan A z . r u p snn( . 0 0 f alkali, while the so-called ‘sage 

*Xs’ of $£&£$* on strmUly alkali land! , Furthermore, there, a 
bushes oi tnai w >*• * . , j t KpecH , 8 afJ an indicator, while 

ShTYeSSSw set forth in this bulletin show that the composition of the 
whole is a much more reliable basis for judging the crop- 

paper is to show how these sources of error 
j c • . C "i t,,. w , unv ], in( j may be classified readily and with reasona- 
may be avoided imd - V ce;t*i«tir*n. This paper is not a report 

trated by application to a limited territory m the Great; 1 la * nr m 

“Too much emphasis can not be laid upon certain facts th.it h.nt c i 

a gru.n mH.vI hum t ; n r <»l uU on in then* piiyM^ii '-o ' 1 ‘ n ; 


region ** a m™ 

hisbehevJd that they will afford a basis for classifying the land of that area 
it it, PUKAca H “V , ..(.puratclv as hv any other known method. 

TS , and perfect the. methods here described, it was mmessary to 

rnataMi detailed study of the^yejwtatioa 


A^iAnA win work in the lireat riains mw, *'.-*««* — — 

ThTSiSon? tta far have keen made chiefly m a port, on of eastern 
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Colorado, a region which is ”lmS as ' mere°M anywhere 

position and because its climatic conditio . < ® theret f j n other portions of 

?n the Great Plata. with ^Smparatively little modi- 

Kearney, Briggs, Stantz, “ S 

tative study of plant commun _ , Valley of Utah. This was essen- 

W» -a met with 

similarly important results, as the following indicates. 

■'In the arid portion of to' ffi £ S?uptXt 
tation are often very sharply de . 1 -™^ , f tors . 4is has suggested the possi- 
they can not be attributed to climatic ™^’Xg 0 ^i th l he physical and 
bffity.of c°irolatmg J can be mu de, they may be 

chemical properties of the soil. J« ' l ect to j ts agricultural capabilities, 

utilized in the classification of land .!„],}« which exist in the Great 
“One of the writers has described the correlate ions J™iouex.^ characteris . 

Plains between the different types of vegei a ‘ ’ 1 ^ ^ the native 

- «■ “ IOT 

^Th^resuits obtauo^ m th^GimtJ^ata jmd^it de^rabl^tta^crtake 

similar investigations m the Great Ba^n region. ^ f aoil mo isture 
were: First, what types of vegetation indicate the 

favorable or unfavorable to dry fa S ; ’ ^ e j y { j0 injure cultivated crops. 

to Js 

“ISrTKfrKSi native 8 growth, and where eotne of the soils 

contain an excess of alkali salts. «nrt ions of Wvoming, Utah, Idaho, 

“After a reconnoissance trip iu central Utah was selected for 

and Oregon m August, 1911, ^thel oe jwg of vegetat i 0 n are found 

the following reasons: (1) feeveial ve^ mstmc M ir moisture conditions 

in a small area, (2) 1 ie ® treatepart of the area retains its original plant cover, 
irf both with and without irrigation, exist on 

different types of land. , * r rn n<a ] e y a ]ley in relation to the mois- 

“ Detailed studies < ^recairi^ on in 1912. The work 

latter part of August 1913. , found to depend in a marked 

“ The distribution of the natn e v ■ g . ■ , • f + be so jj a factors which also 

degree upon the physical and |benuc'J p^p p fc articular area is concerned, the 

hrtheTooele other parte of fc Great Basin region rexnatns 

to be determined by future investigation, (p. 
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The successions! relations of the dominants have been discussed as well as 
graphically illustrated by Shunts (1910:234). The primary succession ex- 
hibits two adseres, one from Salicornm and AUenrolfca to Artemisia, and t he 
other from Allenrolfca through Disticklis and Sporobolvx to Chryaolhartmux. 
These serai facts give much additional value to the indicator studies of the 
Great Basin, especially in establishing the indicator sequence and in imparting 
a distinct significance to the various mixed communities, (plate 2.) 


outsios <r»i 

OUt £f< ftTMUMTCD .’CP.E ( 4 ) 
\ (mtm t'durhi 


BAOr -V'*.r.: •/ ’ 

4 V : 

i; ' ■ ; 


out flat ( r *) 
jWTHrMiotohe (4 tt ) 

/ :v,r. p J 


: i 


.. / Vi\. 




1 

vr ■ **** 


gSia MSR 

ouT 8 ifis ftAsc ?r/.t Jittvuutn m*.r i«star 


~Y ~~v~ 

( v i 




>> 7 > .£ **’ * r ... . .u v 


V t-. ■ V .V/KftCE 


ll jifjj ^ ill I f, 

! * 

mi 

■Spil 

flilrtlSSk 




Fxo. I*— -Stows of a fairy ria# due to Af/anVw tubnlnrti; ,*t and (\ during *t ■ 
period; B % during it dry period. After £h:mu uud Pinut-i «*., 

Shanlz mui Meiuftisel, 1917« — In their exhaustive study of fan y J“ii*y:« in 
the Great Plains, Shunts and Piemewei (1917:191) have shown tip* rmeai 
relation between the rings of mushrooms and grasses, as well as the indicator 
significance of the latter. They distinguish three types of fairy rimrs bawd 
upon the effect shown by the vegetation: (1) those in which the vegetation is 
killed or badly damaged, caused by Agar teas tabular is ( fig, 1 i ; (2) those in which 
the vegetation is only stimulated, produced usually by species of ( 'nluifin, 
Catadoma , Lycopmlon , Marmmim , etc.; (3) those in which no effect can be 
noted in the native vegetation, due to species of Lepiola, in the Atjarh'us 
rings, the vegetation shows three zones concentric to the central urea of normal 
short-grass sod (1): the inner stimulated zone (2) is a broad one, differing in 
botanical composition, the more luxuriant- growth, and the deeper green color 
from the center. The bare zone (3) is narrower and somewhat more irregular, 
while the vegetation is either dead or consists of a few very poor perennials or 
short-lived annuals. The inner zone Is the most prominent feature of the ring 
in spring or wet seasons, the bare one in late summer or fall or in dry seasons. 
The outer stimulated zone (4) is rather narrow and is made up for most part 
of species peculiar to the short-grass sod, though, resembling the inner zone 
somewhat. The mushrooms occur in the outer zone near the outside edge. 
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In the case of most fairy rings, the fungus produces a temporary stimulating 
effect only, and the ring is indicated merely by the increased size, vigor, and 
chlorophyll-content of the annuals and the perennial grasses. 

The stimulation of the grasses and other plants which produced the inner 
and outer zones is probably due to the presence in the soil of nitrates and 
ammonia salts derived from (1) the reduction of the organic matter of the soil, 
(2) the decay of the mushrooms, and (3) the decay of the mycelium. The 
bare zone results from the death of the vegetation as a consequence of a lack 
of available soil moisture. Water penetrates very slowly into the sod filled 
with mycelium when it is once dry. The increased growth in the outer zone 
hastens the drying-out of the soil and, once dry, the latter is not wetted by 
heavy and continued rain. The vegetation is not noticeably damaged during 
growing seasons uniformly wet, but it quickly shows the effect of dry years or 
periods of drought. The secondary sere initiated by the fairy rings is essen- 
tially like that caused by any other disturbance in the short-grass association. 

Shantz and Aldous, 1917.— In the field instructions for classifying public 
lands under the terms of the Stock Raising Homestead Act of 1916, Shantz 
and Aldous have made the most comprehensive use of indicators for the pur- 
pose of land classification. Ninety different types are recognized as indicator 
communities and are described briefly, though usually without a statement of 
the correlated conditions. Of these, 32 belong to the prairie-plains grassland 
climax, 20 to the sagebrush climax, 16 to the desert-scrub climax, and 9 to 
the chaparral. The types are designated by the names of dominants and 
subdominants and represent both serai and climax communities. Density, 
percentage of grasses and grass-like plants, and height of shrubs are also made 
use of for minor indications, while overgrazed areas are given especial atten- 
tion. A key to correlation conditions and crop-producing capabilities was 
filed with the Geological Survey and is used by it in the interpretation of 
the types. 

Weaver, 1919. — While the work of Shantz (1911), Weaver (1915), Sampson 
(1914, 1917), and of Cannon (1911, 1913, 1917), Markle (1917), and others 
had laid the basis for the consideration of root systems in connection with 
indicator values, the first special and comprehensive study of the indicator 
significance of roots was made by Weaver in 1918. This investigation derives 
its importance not only from the thoroughness of the methods, but especially 
also from the large number of species concerned, the wide range of the com- 
munities, and the consistency of the instrumental results. Approximately 160 
speeies were investigated, involving the examination of about 1,150 individual 
plants. These were largely grasses and grassland herbs, but they included 
shrubs, undershrubs, weeds, and forest herbs as well. The communities 
represented were the prairies of Nebraska and the Palouse region of the North- 
west, the short-grass plains and the sandhills subelimax of Colorado, the gravel- 
slide and half-gravel-slide assoeies, and the forest climax of the Pike’s Peak 
region. In practically all these, readings were made of water-content, humid- 
ity, temperature, and light, and in critical ones of transpiration as well. In 
showing the community relations of competing root systems use was made of 
the quadrat-bisect (plate a; cf. Weaver, 1919, for plate 26 a). Many of the 
detailed results have been utilized in the discussion of particular indicators 
in Chapters IV and VI. 
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FOREST INDICATORS. 

A general idea of indicator plants has existed in forestry for nearly a century, 
and it is strange that the forester was not the first to formulate a system of 
indicators. His nearest approach to this is found in the tables of tolerance 
(Graves and Zon, 1911 : 20). The fact that the forester’s attention was 
fixed primarily upon reproduction and little or not at all upon the shrubs 
and herbs of the forest floor probably explains the long absence of any definite 
recognition of indicators. In forestry as elsewhere, but even to a greater 
degree, a system of indicator plants and communities was impossible before 
the use of instruments and quadrats and the application of successional prin- 
ciples. As is shown later, however, forestry already possesses a large amount 
of indicator material which only need's to be organized upon a systematic basis. 
Practically all site studies have much and some of them great indicator value. 
However, the researches directed primarily toward this have been few, and it 
is necessary here to consider only the following: 

Cajander, 1909. — Cajander (1909; Zon, 1914 : 119) has made an interest- 
ing endeavor to recognize forest types on the basis of the living ground-cover 
as indicators of the soil conditions. He classified the forests of Germany, 
composed largely of spruce, fir, beech, and oak, into three types: 

1. Oxalis type (forests with a layer society of Oxalis acetosella). 

2. Myrtillus type (forests with a layer society of Myrtillus nigra), 

3. Calluna heath type (forests with a layer society of Calluna vulgaris). 

The Oxalis type characterizes the best soils and comprises nearly all the 
dominant trees. It is further divided into four subtypes, marked by Irnpa- 
tiens-Asperula, Asperula, Oxalis, and Oxalis-Myrtillus respectively. As Zon 
points out, the dominant species of trees are assumed to play no part, in deter- 
mining the type. The author also dismisses the effect of light as of no impor- 
tance. This appears to be quite unwarranted, as no measurements seem to 
have been made of light, as is apparently true of the other factors as well, and 
consequently the correlation between communities and conditions is super- 
latively general. Little or no attention is paid to the successional sequence 
of dominants or subdominants, and here again the real indicator values are 
overlooked or losh Zon further points out that the author’s own statements 
are contradictory, in that he states in one place that the layer societies indicate 
the physical conditions independent of the tree species, while in another the 
trees are said to determine the character of the herbaceous vegetation beneath 
them. While Cajander has erred in assigning greater importance to the sub- 
dominant herbs and low shrubs than to the dominant trees, his use of the 
forest societies as indicators is sound, and will serve to correct the usual prac- 
tice of foresters who have neglected the undergrowth. 

Clements, 1910— The investigation of the lodgepole-burn forests of 
noithem Colorado in 190/— 1908 was essentially a study of fire indicators, 
herbaceous as well as woody. Its real importance in this connection lay in the 
fact that it was the first study of forests made on the complete basis of instru- 
ments, quadrats, and succession. It was pointed out that lodgepolc pine and 
aspen are practically universal indicators of-fire and not of mineral soil or other 
conditions, at least for the Rocky Mountains. Agrostis hiemnlis, Chutmic/ie- 
Tiuni angustifolium and V actinium oreophtlum were recognized as the chief 
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pioneers of the burn subsere, together with the mosses Bryum argenieum and 
Fun aria hygrometrica , Several other species are almost equally good indi- 
of burns, especially when abundant. These are Ruhus strigosus , Carex 
raitoii, Arnica cordifolia , Achillea lanulosa , and Anaphalis margaritacea. The 
water and light factors for the six dominant trees were measured and the 
mioecBsiona! sequence thus obtained exhibits the indicator value of each 
species, (plate 3.) 

A successional study was made of the so-called natural parks of Colorado 
in 1910 for the purpose of determining their indicator significance as to refor- 
estation!, both natural and artificial. The conclusion was reached that all 
such grassland areas in forested regions are but serai stages leading to a forest 
climax The majority of them are due to repeated burns or the slow filling 

lakes, with the result that they persist as apparent climaxes for several 
hundred years. Their origin is readily disclosed by the indicators in them, as 
w also trite of the rate of development. 

Pearson, J 913-1914*— In discussing the proper basis for the classification 
of nceT lauds into types, Pearson (1913 : 79 ) has reached the following 

cocci u.dous: 

*‘T T* MtSy scientific basis for such a classification is that of potential pro- 
dmuivMim^, considering both agricultural and forest crops. The productive 
* mm may 1 m ascertained in two ways: The first measures directly, as far as 
I mm Mm all physical factors on the site and gauges the productive capacity by 
x he measure in winch the sum of these factors meets the requirements of various 
rjufu,. The second method uses characteristic forms of vegetation on the 
ground as an indicator of the physical conditions present, and upon this basis 
eycHlains the adaptability of the site for different crops. The obvious objec- 
tion to t he first method is the need of climatological data and soil analyses on 
each Ax m to he classified; and owing to the diversity of sites in our forest 
regions, together with the almost complete absence of climatological records in 
many sections, the collection of the needed data would involve an expense 
winch, at ibis stage of our advancement in forestry, would be almost pro- 
hibitive. The second method requires a thorough preliminary investigation 
in each region to be covered, in order to secure a working knowledge for the 
actual land classification, and obviously reliable results can only be obtained 
by t he employment of trained men. This method is the simpler and probably 
the more reliable of the two, and it is considered entirely applicable to the 
needs of the forester.” 

A general indicator relation is established between the five forest types and 
the agricultural possibilities of the Coconino National Forest in northern 
Arizona, The same author (1914 : 249) has employed seedlings of Douglas 
tlr a- indicators of the conditions for planting in aspen and in open situa- 
at 8.7(H) feet on the south slope of the San Francisco Mountains. 
The seedlings were planted in two plots in the aspen and two in the opening 
c.ich spring of the 3-vear period, and instrumental readings were made of 
wumr-crmtunl, evaporation, wand, and temperature. The aspen uniformly 
gave a larger survival of seedlings than the opening, the percentage varying 
from 7 to VI The critical factor in this was evaporation, which was 50 to 
90 per cent higher in the open than under the aspen. The author further 
points out that the results indicate that yellow pine, because of its lower 
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moisture requirements and greater demands for light, will probably prove 
more suitable than Douglas fir for openings within the natural range of the 
former. A later study has dealt with the correlation of height-growth with 
precipitation, but this is considered under growth-forms in Chapter 1L 

Zon, 1915— At the suggestion of the writer, a conference was held at 
the Utah Forest Experiment Station in 1915 to discuss the feasibility of a 
system of indicators for siivies and grazing, and especially the indicator value 
of shrubby and herbaceous species and communities, with particular reference 
to succession. The conference consisted of Mr. Zon, chief of siivies, Mr. 
Jardine, inspector of grazing, Dr. Sampson, director of the station, Dr, E. H. 
Clements, and the writer. There was general agreement upon the value of 
indicators as a basis for the experimental regeneration of forest and grassland. 
As an outcome, Mr. Zon drew up a preliminary outline of the indicator sig- 
nificance of the important dominants of the various zones and represented 
this graphically in a schematic transect (fig. 25). This appears to have been 
the first definite organization of the indicator experience of the Forest Service 
in silvical work. Its proposals as to indicators are considered in Chapter VI L 

A similar conference on indicators and succession was held at the station in 
1917. It was attended by Professor Tourney, Professor Pool, Dr. E/S, 
Clements, Dr. Sampson, Mr, Korstian, Mr, Baker, Mr, Weil, and other mem- 
bers of the staff, together with the writer. Particular attention was given to 
serai indicators of grazing burns, erosion and slides, as well as to climatic 
indicators in the chaparral belt. Some of the conclusions are to be found in 
the discussion of indicator papers in Chapter VII, as well as in the body of the 
text itself. 

Hole and Singh, 1916. — In studying the reproduction of sal (Shormrohuda) 
in the forests of India, Hole and Singh have made a quantitative study of the 
water and light factors which control germination and eeesis. Their work is 
especially noteworthy in that experimental quadrats have been employed for 
the analysis of different sites (p. 48), and that a detailed study was made of 
soil aeration as a critical factor. The general indicator results are given in 
the following excerpts: 

“Broadly speaking three principal soil types may be distinguished, in these 
areas, and these are characterized by different types of vegetation, as follows: 

A, Containing a large percentage of sand and a relatively small percentage uf the 
finer particles of silt. The soil is also frequently shallow, with gnuvl arid 
boulders below, and is therefore essentially dry. 

Dry miscellaneous forest with Acacia catechu and Dalbergia simm prominent, or 
grassland with Sacckarum munja dominant, 

R. Sal forest or grassland, well aerated deep loam with Saccharum namtga (ofren 
mixed with Anthisliria giganiea arundinacea) dominant. 

C. Badly aerated deep loam. This differs from (B) either in containing more clay 
and silt, in being actually denser with less pore space per cubic foot, or in 
having the water-table nearer the surface. 

Moist miscellaneous forest with Butea f random, Sterwspcrmum Tir- 

minalia, Cedrela toona and others, or grassland with E riant him rumthw* 
(often mixed with Anthisliria giganiea villosa) dominant. 

“One of these types is unsuitable for the growth of sal, inasmuch as the 
water-content of the soil falls rapidly to the death-limit after the close, of the 
rainy season, while another type is unsuitable on account of bad soil-aeration 
which leads to a low percentage of germination, a high percentage of deaths 
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during the rains, and a superficial root system. The latter point is of great 
importance, inasmuch as it leads to the roots being situated in those layers of 
soil the water-content of which is reduced to the death-limit in the dry 
season. It will thus be seen that the results obtained go far to explain the 
natural distribution of sal, and also indicate those grasslands and forestless 
areas in which afforestation with sal offers the greatest chance of success. 
Finally, it has been shown that, owing chiefly to the heavy shade, the aeration 
of the superficial soil layers in dense sal forest is commonly below 7, the death- 
limit for several weeks during the rains and that this factor is responsible (1) 
for the holocaust of sal seedlings which takes place during the rains in shady 
forest s in years of heavy rainfall and (2) for the development of a superficial root 
system which, in the hot season when the sal sheds its leaves and the forest 
canopy thins out, leads to widespread damage from drought among those 
plants which survive the rains. Opening of the cover and temporary removal 
of the humus are obvious expedients by means of which the soil-aeration can be 
improved. Firing would also in some cases probably be beneficial in this 
respect.” (p. 38.) 

“ It will be seen that the management of any particular sal forest to a great 
extent depends on the fact whether the seedlings in it suffer chiefly from 
drought or from bad soil-aeration and therefore the determination of this point 
is of primary importance. Observations regarding the season when the seed- 
lings chiefly die and the dryness of the soil at the time naturally indicate to a 
great extent which factor is primarily concerned. In addition to this, how- 
ever, the work which has been carried out at Dehra during the last few years 
has shown that the dominant grasses on an area are, as a rule, excellent indi- 
cators of the soil conditions. Thus in northern India, where Saccharum 
naremja and Anthistiria giejantea arundinacea tend to be dominant, the soil 
moisture and aeration are as a rule suitable for the best development of sal and 
sal forests of the moist type prevail. In shady forest in such localities, the 
seedlings suffer chiefly from bad soil-aeration and the most efficient remedy 
consists in opening the cover and exposing the soil. On the other hand, such 
grasses as Saccharum munja , S. spontaneum , Eragrostis cynosur aides, Imperata 
arundinacea , Vetiveria zizanoides, Andropogon conlortus , and Ischcemum angus- 
ii folium usually indicate a soil too dry or too dense for the best sal development, 
and such forests as occur are of the dry sal type. The recognition of the domi- 
nant grasses in the sal tracts therefore is a matter of considerable practical 
importance, and a subsequent paper will deal in more detail w r ith the grasses 
of the sal tracts, in their capacity as soil indicators.” (p. 83.) 

Korstian, 1917.— In a study of permanent quadrats on the Datil National 
Forest of New Mexico, Korstian (1917:267) gives the increment data for 
Finns ponderosa on sites I and II, and points out that the growth of a domi- 
nant tree is the best indication of the quality of forest sites. The differences 
in the native vegetation on the two sites were so great as to suggest its cor- 
relation with tree-growth and its use as an indicator of forest sites. A large 
number of list quadrats were employed, but the lack of previous successional 
studies makes their accurate interpretation difficult and probably explains in 
part the conclusion that 

“in studying the indicator significance of the native vegetation it is neces- 
sary to go directly to the individual species instead of attempting to stop at 
the association, society, or community. 

“ The writer believes that the native vegetation found on deforested areas 
may be considered as a criterion of the latent potentialities of the site for forest 
production provided the vegetation has not been too seriously or too recently 
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disturbed and that the more important phases of the successions! series are 
properly understood. 

“The fundamental study of forest planting sites logically resolves itself into 
three categories: (1) The empirical establishment of plantations and the 
observation and study of their survival and subsequent development; (2) the 
measurement and study of the most important physical factors of the site, 
such as the available soil moisture or growth water and evaporation; and (3) 
the indicator significance of the native vegetation occurring on the sites, imply- 
ing a very careful correlation of all three phases. 

“It is readily conceivable that site studies of this character will be of the 
utmost value in explaining the presence or absence of tree growth on certain 
areas, in the judicious selection of the proper species and sites in the reforesta- 
tion of much of the denuded forest land of the United States, and in establish- 
ing a working basis for the classification of forest lands. Only after considering 
the relative agricultural and forest productivity of the land on a combined 
scientific and economic basis, can a positive conclusion be reached that its 
greatest utility lies in its use for forestry or for agricultural purposes.” 

GRAZING INDICATORS. 

Grazing has been recognized as a distinct field for investigation for scarcely 
more than a decade. Complete recognition of grazing as a subject for experi- 
ment should perhaps be dated from the establishment of the Utah Forest 
Experiment Station for grazing in 1912. Three more or less marked steps in 
advance had preceded this and had made it inevitable. The first was a 
general study of the West with reference to the species, distribution, and value 
of the native grasses and forage plants. The stimulus for this seems to have 
been the work of Ressey in Nebraska, as indicated by the publication of many 
reports dealing with grasses and forage plants from 1886 to 1907. Webber 
(1890), Smith (1890), and Williams were associated with Bessey in some 
of this work and the last two later carried on extensive grassland studies 
over the Great Plains and the Rocky Mountain region (Smith, 1898; Williams, 
1897, 1898). Similar studies were made by Shear and Clements in 1896, by 
Rydberg and Shear in 1897, by Pammel in 1897, Nelson in 1898, and others (cf. 
Shear, 1901) . The second step was perhaps the most significant, inasmuch as 
it introduced the quantitative study of grazing areas by means of the quadrat, 
and provided an exact method of measuring carrying capacity and deter- 
mining the degree of overgrazing or the amount of regeneration. This work 
was begun by Griffiths and Thornher in 1901 and enlarged in 1903 on what is 
now the Santa Rita Grazing Reserve of the Forest Service. It has been 
carried on continuously since that time by Griffiths, Wooton, Thornher, Hurtt, 
and Hensel in turn, and now constitutes the classic field for grazing study 
anywhere in the world. It has yielded publications of primary importance 
by Griffiths (1901, 1904, 1907, 1910), Thornber (1910), and Wooton (1916). 
Somewhat similar lines of experiment were begun by Coville and Sampson in 
1907 in the Wallowa National Forest in northeastern Oregon. The results 
are recorded in a series of reports of unusual significance, namely, Sampson 
(1908, 1909, 1913, 1917) and Jardine (1908). 

The third period of rapid development in grazing studies began with the 
organization of grazing reconnaissance in the six districts of the Forest Service 
in 1911. During the past seven years reconnoissances have been made on 
practically all of the National Forests, and the grazing upon these has been 
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others of the Andropogon species. The curly mesquite will stand almost any 
amount of drought, trampling, and hard usage, but is easily killed and rotted 
out during a wet cold winter. The drought-resistant needle grass is frequently 
* destroyed by wood lice over considerable areas. This usually happens in the 
spring on burned areas after light local showers. Finally, the entire seed crop 
may be destroyed by early autumn fires. Thus it is seen that through some 
one of many natural causes a species of grass may be all but ext.erminaied and 
its place taken by others, often of less value. 

“On overstocked land there is uniformly an alternation of needle grass and 
mesquite at short intervals, unless the overstocking is carried too far, when 
these perennials give way to annuals and worthless weeds. The carrying 
capacity then depends almost absolutely on the proper distribution of rainfall 
through the growing season in order to bring this transient 'vegetation to its 
fullest maturity.” (p. 28.) 

The text is divided into the following heads; (1) investigation of carrying 
capacity, (2) destruction of grasses by animal pests, (3) deterioration through 
increase of weeds, (4) renewing the cattle ranges, (5) rest versus alternation 
of pastures, (0) additional aids to range improvement, (7) grazing regions in 
Texas and New Mexico, (8) relation of land laws to range improvement, and 
(9) benefits of improving the ranges. The most significant part of the report 
is that which has to do with the regeneration of the range by means of rotation 
pastures. Experimental sections were selected at Abilene and Charming, 
Texas, representing prairie and plains respectively. 1 On these the following 
experimental pastures and areas were established (p. 20; Bentley, 1902 : 15). 

Pasture No. 1 (SO acres): No treatment except to keep all stock oil until June 1 of each 
year, pasturing the balance of the season. 

Pasture No. 2 (SO acres) : To be cut with a disk harrow, and stock to he kept off unf il June 1 
of each year, pasturing the balance of the season. 

Pastures Nos. 3 and 4 (40 acres each): To be grazed alternately, the sio«*k to he eiirmpal 
from one pasture to the other every two weeks, thus allowing (he grasses u short 
period for recovery after each grazing. 

Pasture No. 5 (SO acres): No treatment except pasturing until June 1 and keeping stock 
off the balance of the season. 

Pasture No. 6 (80 acres): No treatment except to keep slock off during the first season. 
Pasture No, 7 (SO acres): To be harrowed with an ordinary straight -toothed harrow and 
stock kept off during the first season. 

Pasture No. 8 (80 acres): To be disked and stock kept off during the first season. 

Pasture No. 9 (70 acres): Reserved for special experiments, viz, to determine (1) whether 
or not seeds of a number of wild and cultivated varieties of grasses and forage 
plants, exclusive of the grasses, could be sown directly in the sod with satisfactory 
results. (2) Whether the roots of certain sod and pasture grasses could be trans- 
planted to the bare spots and a good stand secured in that way. (8) Whether i he 
stand of grass could be improved by opening furrows across the pasture, in which 
the grass seeds blown over the ground by the winds could be arrested and the 
stand of grass be improved. 

Bentley, 1902. — The preceding experiments, though initiated by Smith, 
were carried out by Bentley from 1898 to 1901. His results are of great value 
as the first outcome of actual and successful experimentation in improving 
the range. At the beginning the maximum carrying capacity of the area was 
determined to be 18 acres per head, or 1 : 1(5. During the first year, the 
carrying capacity was estimated to have increased to 1 : 8, or 100 per cent. 

2 No record seems to have been made of the experiments at Charming, and it is assn mod these 
were early discontinued. 
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Unfortunately, no detailed report was made on the different pastures, and it 
was impossible to tell whether rotation or disking and harrowing was of the 
greater value in securing these results. At the end of the second year, a 
further improvement of 30 to 50 per cent was noted m the disked pastures. 

By the close of the three-year period, while the whole area had improved more 
than 100 per cent, the greatest improvement was noted m the pastures which 
had been disked and harrowed. Two minor experiments of much practical 
interest were also carried out successfully. The one consisted of plowing 
furrows 12 feet apart over 10 acres of pasture 9. The many fruits caught m 
the furrows germinated readily and grew vigorously because of the increased 
water-content. The latter also benefited the grasses between the furrows 
The other test involved the transplanting of grass mats and bunches for the 
purpose of covering bare areas in prairie-dog towns and other denuded aieas. 
The results are of especial significance and are further discussed in Chapter VI. 

Griffiths, 1901, 1904, 1907, 1910, I915.-Griffiths’s work upon the grazing 
ranges of southern Arizona from 1903 to 1910 is entitled to great credit as the 
earliest consistent study of range production. The 9 u f; dr at metiiod 
employed more or less, and some attention was paid to physical factors and 
incidentally to changes of population. The objects of the investigation w , 

(1) to demonstrate that run-down and overstocked ranges will recover under 
proper treatment, (2) to ascertain how long a time is necessary to get appreci- 
able and complete recovery, and what methods of management will produce 
such results, (3) to carry on reseeding and introduction experiments m the hope 
of increasing the total quantity of feed, (4) to measure as accurately as possible 
the carrying capacity of a known representative area. The report of 1915 on 
the native pasture grasses of the United States contains a laige 
valuable material with direct bearing upon grazing indicators (plate 4, a). 

The general results of the investigations are shown by the following sum 
mary (1910:24): .. ., 

“The lands under consideration appear to regain their original productivity 
in annroximately three years of complete protection. . , 

‘ Evidence thus far secured seems to indicate that the best lands m the 
vicinity will improve under stocking at the rate of one bovine animal to 20 
aci™ The poorer lands take a correspondingly larger acreage for each am- 
rml The areas that will carry one head to 20 acres axe very limited. 

" “ Brush and timber are encroaching upon the grasslands, due, it is believed, 

t0 “A 0t groiM cover is not a factor below an altitude of about 3,500 feet. 

“Although the maximum yield of forage .may be reached in ^ out three 
vpgts of protection , improvements m quality of forage will prooaDy g 
longer through the continued supplanting of annual plants by perennials of 

Tfar "alfilerilla is the only introduced plant which has succeeded and 
this oSvi theWst favored situations. It does not appear to thrive «- 
petiti^hdth : Le native perennial grasses at those altitudes where the latter 

ar “Nonfofthe other 200 lots of seed sown has given any promise of success 
except those three or four native species. These give beneficial results, but 

th “M?s h sfem to be secured much more rapidly through proper protection 
from overgrazing than by any other method. 
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Sampson, 1008, 1909, 1918, 1914. — The series of reports by Sampson on 
revegetation in the Wallowa National Forest constitute a contribution of the 
first importance to the science of grazing. They likewise furnish, a large 
amount of experimental data as to grazing indicators in the montane and 
subalpine zones; The general results (1914:148) are applicable to a wide 
range of grasslands and are summarized below. They not only take into 
account the need of thoroughgoing and extensive studies of quadrats, factors, 
and succession, but they also consider in detail the ecological requirements of 
the various species. 

“ (1) Normally the spring growth of forage plants begins in the Hudaonian 
zone about June 25. For each 1,000 feet decrease in elevation this period 
comes approximately 7 days earlier. 

u (2) In the Wallowa Mountains the flower stalks are produced approxi- 
mately between July 15 and August 10, while the seed matures between 
August 15 and September 1. 

“ (3) Even under the most favorable conditions the viability of the seed on 
summer ranges is relatively low. 

“ (4) Removal of the herbage year after year during the early part of the grow- 
ing season weakens the plants, delays the resumption of growth, advances the 
time of maturity, and decreases the seed production and the fertility of the seed, 

“(5) Grazing after seed-maturity in no way interferes with flower-stalk 
production. As much fertile seed is produced as where the vegetation is pro- 
tected from grazing during the whole of the year. 

u (6) Germination of the seed and establishment of seedlings depend largely 
upon the thoroughness with which the seed is planted. ^ In the case of practi- 
cally all perennial forage species, the soil must be stirred after the seed is 
dropped if there is to be permanent reproduction. 

“ (7) Even after a fertile seed crop has been planted there is a relatively 
heavy loss of seedlings as a result of soil heaving. After the first season, how- 
ever, the loss due to climatic conditions is negligible. 

“(8) When 3 years old, perennial plants usually produce flower-stalks and 
mature fertile seed. 

“ (9) Under the practice of year-long or season-long grazing, both the growth 
of the plants and seed production are seriously interfered with. A range so 
used, when stocked to its full capacity, finally becomes denuded, 

“(10) Year-long protection of the range favors plant growth and seed pro- 
duction, but docs not insure the planting of the seed. Moreover, it is imprac- 
ticable because of the entire loss of the forage crop and the fire danger resulting 
from the accumulation of inflammable material. 

“(11) Deferred grazing insures the planting of the seed crop and the per- 
manent establishment of seedling plants without sacrificing the seasons 
forage or establishing a fire hazard. 

“(12) Deferred grazing can be applied wherever the vegetation remains 
palatable after seed maturity and produces a seed crop, provided ample water 
facilities for stock exist or may be developed. 

“(13) The proportion of the ranges which should be set aside for deferred 
grazing is determined by the time of the year the seed matures. In Urn 
Wallowa Mountains, one-fifth of the summer grazing season remains after the 
seed has ripened, and hence one-fifth of each range allotment may be grazed 
after that date. 

“ (14) The distribution of water and the extent of overgrazing will chiefly 
determine the area upon which grazing should first be deferred. 
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“ (15) After the first area selected has been revegetated, it may be grazed 
at the usual time and another area set aside for deferred grazing. 

“This plan of rotation from one area to another should be continued, even 
after the entire range has been revegetated, in order to maintain the vigor of 
the forage plants and to allow the production of an occasional seed crop.” 


Jardine, 1908, 1909, 1910, 1913. — Jardine has made a careful study of the 
relation of coyote-proof pastures to carrying capacity, and finds that the 
latter is nearly 100 per cent greater than under the usual method of herding 
in large bands. This is due to the fact that the sheep graze much more 
openly and do much less trailing, with the result that the vegetation is trampled 
very much less (1908:31, 1909:38). 

The establishment of grazing reconnoissances on the six forest districts and 
the organization of a method by Jardine in 1911 marked the beginning of an 
adequate system of grazing on the National Forests. This work has yielded 
a large number of facts of importance in connection with grazing indicators. 
Although it has never been published, its value is such as to warrant a brief 
abstract of it here. The main object of the reconnoissance was to secure a 
map classifying all the land of each National Forest into grazing types, and 
the location of each type, its carrying capacity and nature, whether winter, 
summer, or year-long range. The field notes dealt with the dominant species 
of each type, the density of ground cover expressed in tenths, the degree of 
utilization, and the presence of poisonous plants and range-destroying animals. 
Of most interest to the student of indicator plants is the system of types and 
subtypes which is outlined below. As quadrats gradually came into use in 
connection with reconnoissance, the latter is now intensive to some degree in 
its methods. 


Typft 1. Open grassland other than meadow 
and secondary meadow. 

Subtypes: bunch-grass, grama grass. 
Type 2. Meadows. 

Subtvpes: wet meadow, dry or secondary 

meadow. 

Type 3, Weed. 

Type 4. Browse. 

Type it Sagebrush. 


Type 6. Timber, with a cover of grasses, 
weeds, and browse. 

Subtypes: pine-grass, weeds, browse. 
Type 7. Waste range. 

Subtypes: waste timber, waste brush. 
Type 8. Barren land. 

| Type 9. Woodland. 

I Type 10. Aspen, 


Wooton, 1915, 1916. — In Ms discussion of the factors affecting range man- 
agement in New Mexico, Wooton (1915:20, 23) has touched incidentally upon 
grazing indicators. The bulletin on the carrying capacity of ranges in southern 
Arizona (1916) continues the studies carried on by Griffiths from 1903 to 
1910. Five associations are recognized, and an interesting account is given 
of the: secondary succession following plowing in the crowfoot-grama and the 
six-weeks grass communities. Of especial interest is the account of carrying 
capacity as determined by cut-quadrats, and by actual grazing tests in the 
various pastures. The conclusions are grouped under the following heads: 

Heronry.— Thu revegetation above 3,200 feet had become marked in about 
three vea'rs after fencing. This improvement has continued, but more and 
more sluwlv each year, indicating that the normal condition is being reached. 
Below 3,200 feet, ‘the rate of recovery has been slower and hence it should 
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continue croXoltramf coSSn with 

three-fouiths of c°mplite rec w ry grazed areas are but 

h ” “ about 30 

- - 

course of a few yores ^r ^iat've ^ by means of cuhquadrats. 

Carrying capacity.— T his has tpsts 0 f the best part of 

hay-cutting, mapping head while 
the reserve. For the latter, the carrying J u “ S stocked on the basis 

it is 20 acres for the whole tese^e. 0 e rftiep con dition from adjacent 

asi“n?si!!SS >— 60 > >- -• 

Jardtae and Hurtt, 1917 ;“^ 1 t gf 2 “ C °™ 7 °jarfiiJmd Hurtt bare no- 
Jornada Gracing ; Reserve .from “ s ^ em taBed „ p0 „ actual 
bodied the essentials of the tost .complete jra b» ^ a consequence, it 
experimental study of the herd as ' h to permit the rotation 

serves as an excellent model for ““ r “fi“‘En of herdshy ages and classes, 
system of pastures and such as 

Taken m conjunction with U» ume m “ Mm * it furnishes a complete 

rtsrr nidi ss — — » ^ 

^^^^u^om^mest hnpoidant conclusions are as follows: 

The grama-grass range has impr™jj f ^“jd^earlong” 4 This'hosNicn 
comnared with adjoining unfenced re g g - t h e ^ain growing season from 
secured by reducing he rambw * £?2S will carry for the 

July to October to about half ™e average numou u mont h s and by 

year, by TkTrLge thus lightly grazed during 

SS SiSaE* *» W.t grazing during the 
growing season for two successive yeais. 

2.5 mile grazing radius. hen t - ho well or tank, while the remote 

grazing or actual denudation occura ai capacity of the grama grass is 

2(Tto S(T acresf^the^t^rosa grass 38 ^dewj^y-b^he aver^^oaHngnod 

Z Sn, “X 3ZS2S* — **• to " 1038 fr0,n 
starvation at critical periods. 

b ^ y th * 

(Tfincral indicators of overgrazing: 
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“Overgrazing for an exten J'J^ 

will be recognized, To recognize current^ . s&diffic ^ lt and yet important in 
tion on a range previously no » , following obvious earmarks, are the 

order to make timely adjustment. The t U S ar of exam ination: 

most reliable indicators ofOTergrazmgprm^ {Po iyg 0 nuni spp.), 

“ The -predominance oj weeds a™gra sue brome grasses (Bromus 

tarweed (Madia spp.), mustaid(Sopteu (. Festuca megalura, micro- 

hordeaceus, brizaeforms, such species and lack of variety m 

stachys, confusa), with a . d fl„ vprf , s + aC re of overgrazing such as occurs around 

^ ^ -* yeM *. 

such as sneezeweed ^othrae) and gam- 

yellowweed (Senecio eremophilw), sna ^ plants frequently occur m 
weed (Grindelia squarrosa) . These m* smu P ^ range nee(ls careful 
abundance over large areas of range “a “cu ^ ^ 

management to give better stu mps 0 / s/irobs, such as snowberry 

“TAe presence of dead and V ali y - \ w iH 0 w (Sato spp.), service 

( Symphoricarpos oreophilus ),*. mrranf ( (J PP *- \ Cercocar pus montanus ), , and 
berry (Amelanchier spp.), S^ lea lgf c 0 0 Si 0I i usually indicates that the 

"eShe* - the -owe before the 

grasses are overgrazed. pqne ciallv to western yellow-pme 

“ Noticeable damage to tree an d aspen (Pppulus tremu- 

(Pinus ponder osa ) reproduct T ank of aspen reproduction on a weed 

Soils) reproduction on cattle range . Lack conditions are favor- 

sheep range indicates over giazmg, P where grass predominates 

”* mtote that 

range than of overgrazed cattle range b t tl g | \ 0 be ^cognized by 

does not differ greatly when ove^razuv.jea are in tbe species of 

one or more of these eaimark . j eaten, by sheep are often found m 

plants indicating the ' ange fornse grasses palatable to cattle are 

abundance on overgrazed cattle range^ | has given rise to the 

often abundant on overgrazed sheep range, 
use of the term * class overgrazing. 

Sanls, 1919. -The 

been carried on by Sarvis (1919) at Maud ^ dealt primarily with 

at Ardmore, South Dakota, since 19 a number 0 f related problems 

carrying capacity and rotation giazi g,th g ^ effect o{ mowing, etc 

have been taken into account, such as 1 ? tegts to de teimine the present 

The experiments are based upon actua g » opt imum utilization resulting 
carrying capacity of a particular f d city teste comprise 

frooUati 1>7 10 -if 

four fields of 30, 50, iQ and 100 ac ; t f req uent intervals and the 

of the, same age and class. The, { ^ ds ga i ne d in weight. There are 

carrying capacity expressed m terms of pounas g 
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three rotation pastures to permit grazing during one-third of the growing 
season— spring, summer, and fall respectively. The behavior of the community 
under the different degrees and kinds of grazing is measured by means 01 an 
unusually complete system of chart- and cut-quadrats. The details ot the 
method are discussed in Chapter VI. 

CHRESARD AND WATER REQUIREMENT STUDIES. 

Significance —While practically all studies of the chresard or available 
water in soils have been made without definite reference to indicator plants, 
it is clear that they have a direct bearing upon the latter. This is likewise 
true of researches upon water requirements, especially those that relate to 
controlling physical factors. Since the value of an indicator depends upon the 
exactness of its correlation with direct factors, and especially water, it is often 
totally m isleadin g to relate it to obvious or superficial facts. For this reason 
a scientific system of indicators has but recently become possible. It was a 
distinct step in advance to connect species with the total water-content or 
holard. But this gives trustworthy results only for the same soil. Io obtain 
exact results it has become necessary to determine the water-withholding power 
of different soils and the water-using capacity of different plants. It has like- 
wise proved imperative to take into account the salt-content and air-content 
of the soil solution. In the further analysis of indicators, it proves desirable 
to utilize their form, growth, and abundance for more minute and exact values. 
Hence a knowledge of the growth requirements, which are largely water 

requirements, has come to be highly significant. 

Much work has been done upon the chresard of different soils and plants, 
and a still larger amount upon water requirements. Most of the former is 
American, and has been done in the West. As a result, it has a direct bearing 
upon the problem under consideration here. Of the great mass of water 
requirement data only a few deal with native or non-cultivated species, and 
are pertinent to the present discussion. For these reasons a concise account 
is given of the progress of the chresard concept. 

The chresard. — The earliest studies of the water-content non-available to 
plants were incidental 'and failed to recognize the fundamental importance of 

the distinction. , ... • 

Sachs (1859, 1865 : 173) found that a young tobacco plant began to wi Un 
a mixture of sand and beech mold at 12.3 per cent and that the chresard for 
this soil was 33.7 per cent. A second plant in clay wilted at 8 per cent, with 
a chresard of 44.1 per cent, while for a third the echard in sand was l.o per 
cent and the chresard 19.3 per cent. Heinrich (1874) determined the echard 
of barley in peat as 47.7 per cent and of rye as 53.4 per cent. In calcareous 
soil corn wilted at 8.6 per cent and broad beans at 12.7 per cent. Mayer 
(1875) observed that pea plants wilted at 33.3 per cent in sawdust, 4 . / per 
cent in marl, and 1.3 per cent in sand, while Liebenberg found that beans 
wilted in loam at 10 per cent, in marl at 6.9 per cent, and in coarse sand at 
1.2 per cent. 

Gain, 1895.— Gain (1895 : 73) has studied the behavior of three mesophytes 
in six different soils, with the results indicated in the table below. The echard 
varies less than 50 per cent for these species in any one.of the first three soils, 
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but the variation rises as ^sha* ^rmESig the low echard- J 
this Tl Al^™,SSody wilt at different points, but also that 


Part of 
The author 


Soils. 


Echard. 


II. 


Fhaseolus vulgaris. 

liupi&us 

albus. 

— — — • 

Echard. 

Echard. 

I. 

II. 

I. 

n. 

p. cl. 
10.73 
9.73 
6.10 
2.94 
1.79 
0.33 

— — — • 

p. d. 
10.60 
9.58 
5.92 
2.90 
1.88 
0.35 

p . ct. 
j 10.90 
11.50 
6.86 
5.15 
2.82 
0.76 

p. ct. 

n.io 

11.35 

6.95 

5.23 

2.91 

0.75 


and hence for plant-geography. made ac tual determma- 

Neither Kiblmann nor Schhnper appears dements (Pound and Clements, 
tions of the physiological ***»«*? g () t ' 1 907 : 13 ; 1916) developed methods 
1900: 167; Clements, 1904: 23; 1905 . 30 190^ ^ ^ ^ as und er control, 
for determining the echard and c * . tl pra i r i e and woodland re S 10 ^ s 0 

These were applied to various habitats m P ^ JKute we m accoid 

largely native and ruderal species, th | jes 0 phytes, though they ranged from 
. f Apj oigo The great majority wei _ 1 hydrophytes as Sagtttana 

“Stosses, 

^Pclno^r, Theaute toaches toesen^ rfe from hydro- 

Of plants to take ^rjromfemi } 

phytes through mesophy 1 . thoroughgoing investiga- 

Briggs and Shantz, 1912, .—-The most comp e a in connection with 

tiTKhe echard has been made by Briggs^d ^ ^ Me perhaps : too 

Sttit require Comment, employed 

briefly it is an exaet sy nonyrn ^ *» * tbose 



CONCEPT AND HISTORY. 



of all other investigators, the values ranging from i ^ per cent to 16 per cent, 
or in the heaviest clays to 30 per cent. But a striking departure from all 
previous results occurs with respect to eehard for different species. While 
Heinrich, Gain, Clements, and Hcdgcock found differences bet, ween species 
in the same soil represented by a ratio of 1 to 1 .5 or 1 to 2, or even more in the 
ease of hydrophytes, the greatest ratio found by Briggs and Shantss was 1 to 
LL The thoroughness of their work seems to leave little question of the 
soundness of the conclusion “that the differences exhibited by crop plants in 
their ability to reduce the mositure content of the soil before wilting occurs 
are so slight as to be without practical significance in the selection of crops for 
semi-arid regions.” The issue must still be regarded as open with reference 
to material differences in the cchard of native species, and this can only be 
settled by further research. Recent studies by Dosdall (1919) have shown 
that Equisetum differs greatly from Eeliantkm and Phmeolm in its ability to 
draw water from the soil, as was likewise demonstrated by growing them side 
by side in the same spots. In seeking to harmonize the discordant results of 
qualified investigators, it has become more and more probable that types of 
eehard must be recognized. 

Water requirement.— In summing up the results of their own researches, as 
well as those obtained by many earlier observers, Briggs and Shantz (1913 : 
1:46; 2:88) reach the following conclusions: 

Experiments upon the effect of water-content on the water requirement 
show that the latter increases as a rule when the water-content approaches 
either extreme. . . , 

A reduction in water requirement generally accompanies an increase in the 
nutrient-content, ■while a higher water requirement may result from a defi- 
ciency in the amount of a particular nutrient. 

The type of soil affects the water requirement only though the water or 
the solutes it contains. . . . 

The water requirement increases with the dryness of the air, and is pro- 
foundly affected by climatic conditions. . . 

The water requirement varies greatly for different species and varieties. In 
Colorado, it was found to be approximately 1,000 for alfalfa, 700 for sweet 
clover, and 300 for millet and sorghum. The grains ranged from 369 lor corn 
to o07 for wheat and 724 for rye. 

The greatest value of water requirement work for indicator studies is in 
connection with the phytometric analysis of climates and habitat s.^ rfo tar as 
the water relation is concerned, the values obtained by means of phyionieters 
can be expressed in terms of water-loss per unit area or rate of giowrii, or in 
the water requirement in terms of dry weight or seed production, lor crop 
plants, the latter are the most important, but for native species all four values 
must be taken into account, in addition to photosynthetic efficiency. 

CONCEPT. 

General.* — Every plant is an indicator. This is an inevitable conclusion 
from the fact that each plant is the product of the conditions under which it 
grows, and is thereby a measure of these conditions. As a consequence, any 
response made by a plant furnishes a clue to the factors at work upon if. 
While this general principle seems to be of universal significance, its applica- 
tion is far from simple. This is because the most direct responses are physio- 
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logical and for the most part can be 

complex physiological processes » ^“uently they are 

inasmuch as they are subject o 11 ~ v i f i P nces Structural responses are 
among the 

the most visible of all, but tneir exact, <u iion+ - r „ f an ws Structure also 

at the end of the process initiated y ® , ■ , •+ )ay re gi s ter the impact 

possesses a well-known inertia as a «^^ e lt a 2 j y iti S l to the habitat 
of factors but partially or slight . ’ ti ng t he gross features to 

ma y be made S? Set response to chang- 

an appreciable degree. Ap» c hlorenchyma or stomata, and yet reveal 
ing conditions by the behavior oi cmoreucnvi 190 5'). 

no sign of this in its outward appearance (E. S - Elements, JW ) ^ 

The interpretation of Xntf ° The specif clf a community do not always 
complex of factors and plants. to any one factor in the same 

register the same response, nor do y > P ^ 4 an( j ft ft often difficult to 
degree. The habitat itself is sti S ^ _ J rniL behavior of individuals, 

assign well-marked effects to definite causes JJf^^fficulties. It is 
though manifestly of less im partonce, » ^f^ 0 r ofividuals of 
impossible to tell at present w e +n minute differences in the habitat. 

rn. t « m = k e S po Kibl o t ,e 0 ocu» te 
employment of indicators in practical operations. 

Animals as tadleatos.-Bmoe me'Ss tiqi 

indicators of physical processes and factors They ax ? conditions 

in this respect. Animals likewise > show 'drat re |° TrnXr of reasons they 

and to this extent serve as n>d»ta» « « mason is thTtheir significance is 
are inferior to plants, however Thejtoet reason ^ , usuaLly con - 

subordinate to that of plants becau , animals are as a rule indicators 

stitute the controlling factor. In o ler T . ^ ‘ qn^eir mobility makes 

of plants more directly than of physical condffion j Th especially 

th/control of a portico » * or of „ ’ ffiuoh 

with land amxnab. With t of an anima i community are much 

abundant than p «. > Finally our knowledge of the ecology of animals is 

less complete and definite. Fma y> reference to factor control and 

much less than have great indicator 

succession. In spite ofa y ’ mjJe the time has not yet come for an 
value, second only to that of plants. aTe taken into account 

adequate treatment o em m other course would be illogical in 

t0 “ is the bl ° me> ° r 

community of both plants and amma s. , individual 

Plant and community. It has 

the species, and the cenmumry a into account 

Each of these has ,te t Se almost monopolised the 

sooner or later. Up to the P ie ® e ’ a tieuiar has emphasized the impor- 
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indicator vsta, 

^«SSSES 

Scat to iy single species of it. This in a 
the essential harmony of the important species as to 

and factor control. The community not only affords a better norm tor tne 
5S£w it in likewise, no to speak ^ 
hence more sensitive, owing to the fact that no 

dominants axe exactly equivalent. It is also a better indicator 0 f 
h„i t si„4. ,; n00 it levels the variations from one point to anotner. ^ 

1 The indicator value of a species depends primarily upon its ur6le m the com- 

or as a subordinate P < » *Ju,~ A«tr in p^sa nf the destruction of the 


dominants, as often happens m ovw^ 7;: r :; fita ass0 ciation with 

the real meaning of a secondary species is due to the fact of V® as. 

more important indicators. The significant species are the dominants and 

subdominants which give character to definite completely Infant 

species and community values approach closely ox 'merge comple -ty; a __ 
such species give their typical indication only ^ here do^mai • 
dental or scattered occurences may have meaning, but , . focussed 

one In the present stage of our problem, then, attention ^Idbefixniued 
upon the dominants and subdominants of the climaxes am the ^ ^ • - - 

When these have been correlated on the one hand with their etfiaentiaaorH 
and on the other with practical processes in agriculture, grazing, and f ■* h > 
7 iZ S “ SV whether m analysis of sccoadarympceies » ptoabim 
dominant may well be regarded an the real basm f « “>*- M> 

commanding is its r6le in the processes of vegetation (plate 5, ). 

Sequenees.-Eve.ry indicator owes its value to its position in a cause-and- 
effecSquSce. Wilh this, however, must 

dcnce with another eause-and-effect sequence. Tie , , mere’y 

nlant Silvhmm latiniatum, as an indicator of com production rests not mux J 
upon its preference for relatively moist rich soils, but 

knowledge at least of the production capacity of such soils bp to U epr^ci t, 
our knowledge of indicators rests chiefly upon the basis of ex P ti ei ., . 
emphasizing ^the point that this alone is usually inaccurate and msufiu. nt 
there is no intention of failing to give it proper recognition. It is arus^ t 
mid often the critical part of indicator research, but its true value -i ■ 
obtained only by correlation with the other steps of the process. As a coi . ■- 
°"^Ktle difference whethe, 

experience or investigation. Both must be taken mto account before 
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si srs t 

less vague experience by actual investigation. _ 

Direct and indirect sequen^s.^^i^showMer^an^^ 3^ mQgt prac . 
dittos, processes, or uses. The _ P mrticular soil or climate, or some 
tieal is the last. The P 1 ^ “ ' Th f wou id seem to be axiomatic, but 

limiting or controlling factor in either ^ a climat ic indicator, often 

it is well known that grassland, Thus, the presence of a plant, 

occupies extensive areas m forest cluna . 1“ meaning it is necessary to 
even when dominant, is only s gg better ^ to cbe ck this correlation 
correlate it with the existing f ’ • 0 £ ^ be successions! development, 

by experimental planting, or an^actu^toac §^ correlation) nam ely, that of 

Indicators of processes usually squire fact0 r with the causal 

the plant with the controlling factor and that otone ^ ^ ^ Desert of 

process, such as erosion, distur anc , > * , vigorous growths of 

Wyoming, roads through the sageb^I of d [ sturbanC e. From its 

Agro'pyrum. The latter is heie nresumably an indicator of increased 

usual position in adjacent lowlands, P , alone can determine the 

“Content as well. Actual and between 

exact relation between the distarbanc The indicator sequent 

the water-content and the presence of Agr W - d water-content is 

,™K™ted bv the question whether the increased w 


with the nature of the crop. especially true of grazing in which 

the sequence is simple and direc . . a ctual experiential or expen- 

the value of the range is detei Scator vaL of each species. With 

mental grazing tests, which estabhsh the indicator indicators. 

overgrazing, the sequence is recant plants. Both 

Trampling disturbs the soil and dest y h to ^ the advantage 

effects tend to increase the water-content^ * (Clements, 1897 : 968; 

to such plants as Guherrezia and f ^“ ^ izabl e in the field from the 
Shantz, 1911 : 65). This o{ depressions, alluvial fans, 

fact that Gutierrezia, for example, is ch i ^ ^ fo ^ sts> plants may serve 

roadways and other disturbed ar * indirectly of disturbance such 

directly as indicators of wafer I,™ aSSstation and afforestation, 

as lumbering or fire and of eucbpraetiM ^ altificiaIi md the indicator 
In these processes the crop is pa J , n„ This involves the corre- 

sequence is essentially the same as to crop ^ J^bitats, and the close 
lation of indicator and crop P ante 1 ^ ctors h in the latter. With forage and gram 
correspondence of the contr ®^ ^ beca use the species concerned ar 

crops, the sequence is more comp] l - > P A con ditions are unnatural as well 
not native, but largely becaus P . correlation and indicator eorre- 
as controlled. As a consequent:, mus t be taken by experiment and 

spondence are still important, the duet parr mu 
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experience extending over a period of years. It is desirable if not essential 
that this X)criod he 12 to 1.5 years, in order to cover the range of conditions 
from the wet phase to the dry phase of a climatic cycle. This is particularly 
true in the use of indicators for land classification, in which grazing, forestulion, 
and crop production must all he taken into account. 

Direction of indication. — The increasing attention paid to plants as indicators 
during the past decade has largely arisen from practical considerations. While 
this is highly desirable, it must be recognized that indicators have also a wide 
range of scientific application. Moreover, the more important and certain 
practical values are made possible only through the ecological study of indi- 
cators. It is in the ecological sense that every plant is an indicator. The 
indicators of actual practice will be obtained by the selection of those which 
are the most distinctive and dependable. Thus, while the indicators for graz- 
ing, forestry, agriculture, and land classification will be established by more 
and more exact study, many indicators will find their chief use m cm Wo try and 
related fields, which must lay the foundation for the scientific agriculture and 
forestry of the future. 

For these reasons, it is necessary to recognize that every dominant can he 
used as an indicator of past and future as well as of present conditions. This 
is due, of course, to the fact that every dominant or suhdominant has a. definite 
position in succession. As a consequence, it is an indicator not only of the 
plants which precede and follow it, but also of the soil conditions in which they 
grow. At the same time the definite existence of a climatic cycle makes it 
possible to relate growth and succession^] movements to climatic changes, 
both past and future, and to extend the application of indicators correspond- 
ingly. On the one hand, this enables us to greatly broaden and definitizo the 
use of plants as indicators of soil, climate, and vegetational movements in the 
geological past; on the other, it permits us to look ahead and anticipate the 
changes due to climatic cycles and the development and movements of vegeta- 
tion and habitat. 

Scope. — -A complete understanding of the broad significance of indicator 
studies must rest upon a recognition of the aims and methods of modern 
ecology. In the early characterization of this field (Clements, 1905 : 1) it 
was emphasized that ecology is the central and vital part of botany and that, 
all the questions of botanical science lead sooner or later to the two ultimate 
facts, plant and habitat. These statements appear even truer to-day in the 
light of the progress made during the past twelve years. The one essential 
amplification is the inclusion of zoology, due to the growing conviction that 
the real unit of response to the habitat is the biological community. Further- 
more, it is desirable to place all possible emphasis upon the fact that ecology 
must fix its attention upon habitat and community in their natural relation. 
Finally, there must be the clearest recognition of the fact that the plant or 
animal must be the final arbiter in ecology, except of course in the vast field 
of human ecology. Fascinating and valuable as they are, instruments and 
quadrats are useful only in so far as they tell us what the plant, animal, or 
community is doing. The most complete records of climate, for example, 
have no merit in themselves. They acquire value only as the plant, or animal 
discloses by its responses the factors or quantities which are effective or con- 
trolling. 


PLATE A 



Quadrat-bisect in the half-gravel slide. The face of the trench was cut along the front of the 
quadrat shown in Plate 26 A: S, Solidago oreophila; A, Allium cernuum; E, Elymus triUcoides, 
fragments of which are represented in blue; C, Calamagrmiis purpurascens; H, Heuchera 
parvifolia; B, Besseya plantaginea . 



II. BASES AND CRITERIA. 

BASES AND METHODS OF DETERMINATION. 

Fundamental relations. — Plants serve as indicators 
response to conditions about them." Every plant response has some signifi- 
caneeF^^ind and degree of which must be subjects of exact determination in 
each case. Some responses are obvious, others less evident, while still others 
are invisible though demonstrable. All these, however, must be referred to the 
habitat for the decision as to their meaning and their possible use as indicators. 
It is clear that the causal relation of the habitat to the plant is the primary 
basis of plant indicators. Each response is the effect of some factor or factor- 
complex acting as a cause, and is consequently the indication of this factor. 
The chief task of the investigator is the measuremen t of respons es, and their 
correlation with measured fac tors. 

In "deciding upon poss ible ba ses Jfcr a n ind icat or method, physiological 
responses and physical totJmpmitance. 

As further consequences of these must be considerecLlhe-xespons es sho wn in 
the development and structure of communities, i. e., the basic-facts of -associa- 
tion arid succession. The^rrietlibd of obtaining the facts in these four great 
fields will continue to be both empirical and experimental. Experiment will 
steadily increase in amount and value, but the result will be to refine and direct 
observation and not wholly to displace it. In fact, the more completely 
experiment is taken into the field, the more readily will observation reveal 
the meaning of the innumerable natural experiments brought about by changes 
of habitat and of climate. In this there is no intention of minimizing the 
crucial value of experimentation, but rather to widen its scope so that all 
experiments can be taken into account. This is especially important when 
one recalls the slow advance in experimentation under natural conditions and 
the insignificant area covered by it. The possibilities of this method have 
been strikingly shown for many years at the Alpine Laboratory, where numer- 
ous examples of natural transplanting in fragmented habitats verify and 
extend the results of a relatively small number of artificial transplantings. 
Similar results are to be obtained from natural experiments on a wider scale. 
The value of Bouieloua gracilis as an indicator of climate was graphically 
shown in the bad-land levels at Glendive, Montana, in 1917. The drying culms 
of the current year were just half as tall as those of 1916 which still persisted 
in the same mat. The rainfall for the two years was 26 and 12 inches, respec- 
tively. Thus the inevitable adjustment of the short-grass cover to decreased 
rainfall and water-content furnished results hardly to be surpassed by the 
most carefully checked experiment. 

In indicator work, as in all adequate investigation, by far the best method 
* is that which uses all sources of information and does not emphasize one to 
the neglect of others. While the very nature of indicators insures proper 
consideration of habitat and plant, the study of each species must be accom- 
panied by that of its associational and successional relations, and all four of 
these objectives must be reached by the combined use of observation and 
experiment, in which each must be utilized to the fullest capacity consistent 
with accurate results. 
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/ THE PHYSICAL BASIS. 

7 Direct and indirect factors* — An adequate understanding of the habitat 
the cause of plant responses which serve as indicators must rest upon I wo 
facts* The first of these is that the habitat is a complex, in which each fmdor 
acts upon other factors and is in turn acted upon by them* The second is 
that some of these factors are direct causes of plant response, while others 
can affect the plant only through them. Wafer, light, solutes, and soil-air 
are direct factorsof the first importance because of their variitiqulrom habitat 
to habitat. Other direct factors, such as carbon dipxid J .p^ygen, iimignivify, 
are negligible because of their constancy. Temperature is both, direct and 
indiree^buf its indirect action through the water relation is usually the most 

tangible. Win d* pressu re, slop e, exposure, soil texture, etc., are all indirect , 

acting for the most part throughjvater-eonteni or humidity, or through, tem- 
perature upon these. 

Too much importance can not be given this distinction between direct 
and indirect factors. The indicator value of every plant depends upon it 
absolutely. A plant can only indicate a direct factor. But by the correla- 
tion of the latter with factors which are modifying it, the indicator response 
of the plant may be related to these. Thus, dwarfed herbs usually indicate 
a lack of water. In alpine regions this lack is largely caused by excessive 
transpiration and evaporation due to low pressure. As a consequence, dwarfs 
are typical indicators of high altitudes and hence of alpine climates. By other 
correlations of direct factors with causative processes, such as disturbance, 
erosion, cultivation, etc., plants come likewise to be used as process or prac- 
tice indicators. The true basis of all plant indicators is to be found in the 
responses made to direct factors, especially water, light, solutes, and soil- 
air. These once established, it becomes a simple matter to connect indica- 
tors with any correlated factor or process. 

Controlling and limiting factors* — It is evident that the factor in immediate 
control of the behavior of plant or community must be a direct one. But the 
latter may be profoundly affected by another factor in which the actual con- 
trol may be said to reside. For example, montane timber-lines are often 
determined by water, but the availability of the water-content is decided 
by frost and its sufficiency by the wind. As indicated above, the immediate 
control and hence the immediate indication must be sought among the low 
direct factors, while the final control and indication will be found among The 

2 rect factors which exert a critical effect. 

.11 the direct factors of the habitat play a part in the responses of the plant , 
only those which vary widely in quantify leave a disl met impress upon it. 
This is necessarily true, since such constant factors as carbon dioxid, oxygen, 
and gravity produce fairly uniform responses, and consequently do not differ- 
entiate species or communities. In the case of each individual plani or impedes, 
its distinctive features are due to one of the variable direct factors. In prac- 
tically all cases at least one of these will be deficient, with the result that it 
becomes the limiting factor in the plant’s development. This term is nm\ in 
an ecological sense and not in the physiological one employed by Blackman 
(1905) and others. As a result the search f or indi eaioxjqorrekitionB among 
the four direct factors jiarrows itself tqjh&jme or two which are deficient. 
Some of these facto^sjegfel^dy-hear an inverse relatio n to each other and all 
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of them often show such a relation. Thus an abundance-^t^w^emmeans a 
laek<}f oxy gen, and a deficit of water a strong soil solutio n. Habitats,.. deficient 
in figlit rarely show a laet oFwater or nutrients, though the oxygen-content of 
the soil mayI]Be. low alsor"" In practically" all herbaceous communities, light 
is usually at the maximum, and the limiting factor must be sought in the soil. 
Hence, a careful scrutiny of many habitats narrows the search for limiting 
factors to a single one, and it is then possible to proceed at once with the 
quantitative correlation of factor and indicator. 

It mus t also be recognized that some factors limit plant response in conse- 
quence of an excess. This is true to some extent of solutes and water, but 
not of light or oxygen in nature. Even with the former, while the excess 
definitely limits or at least characterizes the plant’s activity, the corresponding 
deficit of water in saline soils and of oxygen in wet ones or in ponds also plays 
a significant idle. For water and solutes, it is probably more accurate to say 
that the extremes, either excess or deficiency, act as limits. While there are 
statements to the effect that full sunlight is directly injurious to many species, 
there is little or no conclusive evidence. This feeling has been based largely 
upon Sonnier’s work with alpine dwarfing, which has not been confirmed by 
similar studies in the Rocky Mountains. 

After eliminating the large groups of species which owe their indicator 
character to the limiting action of water, solutes, oxygen, or shade, there 
remains a much larger group of sun mesophytes which bear no such distinctive 
impress. In a mesophytic habitat the four factors are present in a more or 
less balanced optimum. No one exists in marked deficiency or excess. Yet 
it has been demonstrated experimentally that a moderate increase in any 
one of the factors will be reflected in an increase of growth. Each factor in 
reality exerts a circumscribed limiting action as an outcome of competition 
between the plants. The various effects, however, are so moderate and so well- 
balanced that it is practically impossible to separate them. While water is 
usually paramount and light often the least important factor in the competi- 
tion between sun mesophytes, all four factors show a limiting action in at least 
a small degree. In spite of its apparent lack of a distinctive impress, a meso- 
phyte is as much the product of its habitat as the well-marked hydrophyte or 
halophyte, and serves equally well as an indicator. 

Climatic and edaphie factors —The factors of climate and soil are so intri- 
cately interwoven in the habitat as to discourage analysis. For many reasons 
it is better to ignore such a distinction as of little or no significance to the 
plant and to fix the attention upon the cause-and-effect relation of one factor 
to another, quite independently of its location. This will reveal clearly two 
basic facts, namely, that the habitat is a unit and that the action of this unit 
is focussed upon plant and community by one or two limiting factors. The 
relation of the plant to water makes it evident that the distinction is merely 
one of classification which has no real significance to the plant. Water- 
content as a direct factor resident in the soil is directly or indirectly the result 
of precipitation, a climatic factor, and is profoundly affected by humidity, a 
climatic factor which it also influences. Its availability is determined by 
soil-texture, solutes, and oxygen, all soil factors, and by temperature, which 
belongs to both soil and air, though in origin it is climatic. The baffling nature 
of the distinction has been well shown by Raunkiaer (Plant Succession, 1916.6). 
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In one sense, however, the distinction may possess some value. This Js with 
reference to the factors which give character to the great areas marked by 
climaxes in contrast to localized ones occupied by suceessional stages. I 
is more or less convenient to refer to such areas as climatic or edaphic, if 
S SoSizStS the one denotes a permanent condition over a wide region 

and the other a relatively transitory stage in a restrict ^ “ t have 
Moreover the grouping of factors as physical and biotic appears to have 
little vXe beyond that of mere classification. Furthermore, it does not con- 

will be recognized as reactions. 

and to accept 4c plant', view of ^ l onThfclilte 

Ttriai Sand » 

emptoi. to the difference betmmfcrte. “ “very 

SKJ^ S3 

Washington and Idaho with rte “ to vcgeta- 

t ti‘on b be“ta2T^4e Meta of climate, all three are . casenfally the same, 

sSS# SSST1S 

best illustrated by the grassland climax ^h ts five as socia , J 

toe prairie, mted prairie bunch-grasi each one 

desert plains. While all of to fall m to sm^c. ^ ^ ^ ^ 

marks a corresponding division , ... Stiva spartea, S. comata, 

prairie, there are five dominants « no two of 

Agropyrum glaucum, Koelma cristate, and _ Pff ^ approach each 
them exactly equivalent as to habitat. Their requirement ip 
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other so closely, however, that they occupy the same subiicmate, in which they 
mix or separate in accordance with local variations. An interesting regional 
separation occurs with the two species of Stipa, as well as in the case of 
Agropyrum . Stipa spartea marks the eastern portions of the true prairies 
and S. comata the western; Agropyrum glaucum is typically associated with 
; Stipa comata, while A. spicatum is best developed in the Northwest, especially 

in the Palouse. The essential point is that each consociation or mixture of 
two or more marks a subdivision of the association habitat, and is the indicator 
of it. Similar though minor habitat divisions are indicated by such character- 
istic societies as those of Glycyrhiza lepidota , Amorpha canescens , Psoralea 
<» argophylla, P. tenuiflora , Petalostemon candidus, and P. purpureus, the water 

relations of which are essentially in the order given here. In the eastern 
prairies, where water is abundant, several of these may occur together more or 
less constantly, but farther west each tends to form a distinct society, and to 
indicate a corresponding water-content. The differences are slighter than in 
the case of consociations, and hence society habitats do not necessarily fall 
in the habitat of a particular consociation. This is probably to be explained 
partly also by the action of climatic cycles. For example, the wet phase would 
favor the local extension of Psoralea argophylla and Petalostemon candidus for 
a few years, while during the dry phase the less mesophytic Psoralea tenuiflora 
and Petalostemon purpureus would have the advantage. 

Since the habitat, like the formation, shows development in the course of 
succession, it exhibits developmental divisions and subdivisions. Each of 
these necessarily has its own indicator community, namely, the associes, con- 
socies, and socies. The habitats which correspond to these have a time as 
well as a space relation. If the best-known succession, the hydrosere, be 
taken as an example, these two relations are shown in the familiar zones of 
lakes and ponds. Each plant zone or associes from the center of submerged 
plants to the surrounding climax of forest or prairie indicates a major develop- 
mental habitat, e.g the habitat of the floating aquatics, of the reed-swamp 
the sedge-swamp, etc . 1 Each of these associal habitats is subdivided into the 
habitats of consocies indicated in the reed-swamp, for example, by Scirpus , 
Typha, and Phragmites, respectively. Within the latter may be minor habitats 
characterized by such socies as Sagitiaria , Alisma , Heleocharis , etc. As a 
result every region is a complex of climax and developmental habitats of vary- 
ing rank and extent, each controlling a plant community which serves as the 
indicator of it. 

Variation of climate and habitat. — While many reasons make it desirable if 
not necessary to regard each habitat as a unit, it should be clearly recognized 
that it varies from place to place and from year to year. The seasonal varia- 
tions are more or less of the same character and they are marked by their own 
indicators in the form of the seasonal societies. A grassland climate is char- 
acteristically different from a forest climate by virtue of its product, the 
grassland climax. This has its explanation in the average difference between 

UPearsall (1917 : 78) has recently recognized three associes of submerged plants, namely, (1) 
linear-leaved associes of Naias, etc.; (2) Potamogeton associes; (3) Nitella associes. This is in 
full accord with our growing knowledge of vegefcational development, which must result in the 
general acceptance of more rather than fewer units (Clements, 1916 : 132). However, the latter 
must be based upon quantitative studies and checked by extensive scrutiny of other vegetations 
if the results are not to be mere personal judgments, leading to the condition in which taxonomy 
finds itself to-day. 
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the controlling factors of the two during a term of years, but this difference 
is often less than that shown by the grassland climate m the dry and wet 
phases of the same climatic cycle. The rainfall of the wet phase if continued 
for a century or two under natural conditions would turn the prame m 
forest that of the driest period would under the same conditions convert it 
into desert. Similarly the distribution of rainfall is so erratic that two con- 
tinuous localities may show striking differences amounting to the success oi 
failure of a particular crop. Progressive changes of rainfall, temperature and 
evaporation occur with increasing altitude, latitude, and longitude. Further, 
each climate shades imperceptibly into the next, often through wide fetches. 
These are all elementary facts and the climatologist might well say that they 
am taken account of in the ordinary way of determining means or normals. 

As a matter of climatology this is true, but from the standpoint of indicator 
vegetSion it is not. It is a simple matter to trace the line of 20 inches of 

rainfall, or of the 60 per cent ratio of rainfall to “^uSion 

it -marks the line between prairies and plains. Such an assumption 
reverses the proper procedure, in which the associations themselves mus « 

permitted to indicate their respective climates poSble to 

and the limits of the various communities established, it will be possible l 

determine the correlated factors. _ . hMut lies in 

The real importance of climatic variations within a climax habitat lie. . 

the fact that the correlations of vegetation and climate must be studied on 
the soot year by year. No single station can be typical of the whole habnat, 
n? 1 ^ vesr of the whole cycle Yet for each station and for each year the 
indicator evidences of the vegetation should correspond closely if not exactly 
SSto wnSS factors. As a result, the stud, of representative local, >es 
for each vear throughout a climatic cycle should disclose the range of flucti i . 
Sonin S climax habitat and vegetation, and establish all the mdicato. 

SutestudyThabiSs reveals differences which 
SttXm eveiy £ one Moreover, when the reactions of competing 

frequent occurence in herbaceous communities. These * mications^av ^b ^ 
checked bv factor deteimmations only m a few cases as y _’. differences 

individual plant and its mimature habitat. 

Inversion of factors.— One of the early puzzles encountered m m«te 
stadies. especiaBy in connection with success 

same dominant in adjacent but diverse areas. This was hmtno^oxo 
pogon scoparius and Calamovilfa longijolia m in 

These were found in rough areas and m blowouts on the one hand ana 
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meadows on the other. While the serai relations were very different, the 
relation to water was much the same. On the broken or sandy ridges the 
soil was porous and the competition relatively small, due largely to the bunch 
habit, while in the moist meadows the grasses grew in a sod, the competition 
for water was keen, and the amount for each plant correspondingly limited. 
A similar inversion in hilly and mountainous regions has since been found for 
the majority of grass dominants, as well as for an increasing number of shrubs. 
The breaking-down of the Miocene rim of the Bad Lands of Nebraska and 
South Dakota yields a talus in which Rhus , Riles , Symphoricarpus, Rosa, and 
other shrubs occur, all of which form dense thickets in the valley several hun- 
dred feet below. Chrysothamnus , Artemisia, and Atriplex grow far up the 
walls and buttes of bad lands, and are found again as dominants in the 
ravines and draws. In the Southwest the desert scrub consists of two major 
dominants, Prosopis and Larrea . While they are often mixed in the 
vast stretch over which they occur, Prosopis is typical of the valley and 
washes. The valley plains and bajadas are characterized by a zone of Larrea , 
above which lie Aristida-Bouieloua grasslands wherever broad sloping plains 
occur. In these Prosopis again occurs as a consequence of increasing rainfall, 
cii an elevation of 1,000 to 2,000 feet above its position in the desert (plate 6). 

Similar inversions occur in mountain regions, either as a consequence of 
air-drainage or of exposure, or often indeed of both. In the case of exposure, 
the general relations are obvious, though the relative importance of water 
and temperature is usually uncertain. It seems probable that both are 
directly concerned, and that water plays the primary r61e, except in mountain 
regions characterized by a very short growing season and minimum night 
temperatures (cf. Shantz, 1906:25; Shreve, 1915:64; Weaver, 1917:44). The 
effect of temperature inversions wars pointed out by Kerner (1876 : 1) and 
Beck (1886 : 3) in Europe and has been studied by MacDougal (1900) and 
Hhreve (1912 : 110; 1914 : 197; 1915 : 82). The latter’s conclusions are as 
follows (1914 : 115): 

“The influence of cold-air drainage might be expected to affect both the 
upward limitation of lowland species and the downward occurrence of mon- 
tane species. As a matter of fact the downward limitation of the forest and 
chaparral vegetation of the desert mountain ranges is due to the operation of 
the factors of soil and atmospheric aridity, and not to the chimenal factors. 
The limitation of the upward distribution of desert species appears to be 
attributable to chimenal factors, as the writer has shown for Carnegiea 
giyantea . The writer has observed that a number of the most conspicuous 
desert species range to much higher altitudes on ridges and the higher slopes of 
canyons than they do in the bottoms and lower slopes of canyons. Samples 
indicate that there is no essential difference between the soil moisture of ridges 
and the bottoms of canyons during the driest portions of the year. Neither is 
there any evidence that desert species would fail to survive in the canyon bot- 
toms if the}" were somewhat higher in soil-moisture content. An explanation 
of the absence of desert species from canyon bottoms and their occurrence at 
higher elevations on ridges must be sought in some operation of the chimenal 
factors rather than in the factors of soil and atmospheric moisture. An 
analysis of the operation of the chimenal factors will be sure to discover that 
cold-air drainage plays an important role in determining not only the lowness 
of the minimum, but also the still more important features of the duration of 
low temperature conditions.” 
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Measurement of habitats— The importance of correlating indicator plant 
or community with the controlling factors of the habitat has already been 
emphasized. While the standard method of doing this has been by means 
of physical instruments, a number of attempts have been made to utilize 
slants themselves for this purpose. While the work of Bonnier (1890 ) f 
in which he made reciprocal plantings of alpine and lowland plants, was essen- 
tially of this nature, he seems to have had no thought of using plants as mstru- 
ments. The first conscious endeavor to do this was perhaps in 1906, when 
potometers of several different species were used with recording mstruments 
to determine the effect of pressure on transpiration at different a ffitudes on 
Pike’s Peak (Clements, 1907 : 287 ; 1916 : 439 ). Sampson and Allen (190J. 
45) employed sun and shade forms in different habitats at the Alpine Laboia- 
tory to determine transpiration in various light intensities, while standaid- 
ized plants of Helianthus animus were utilized m habitat measurements con- 
ducted by the Botanical Survey in Minnesota m 1909. During 1912 1913, 
Pearson (1914 ’ 249 ) grew seedlings of Pseudotsuga beneath aspen and m open- 
ings to determine the better habitat for planting operations, and the method 
hi since had a limited application by foresters The most comprehe™ 
use of the planting method has been made by Hole and Singh (191b .48, of. 
Chapter III), who established experimental _ quadrats m the sal foiests of 
India to measure the role of shade and aeration in reproduction. 

McLean (1917 • 129 ; cf. Livingston and McLean, 1916 ) employed soy beans 
to measure general climatic conditions by means of growth at two stations m 
Marvland. The three main criteria used in determining growth weie leal 
areafstem height, and dry weight of tops, all of which showed the Easton region 
to be nearly 2.5 tim es as efficient as the Oakland one. A definite coirelation 
was established for temperature, but not for water, owing to auto-irrigation 
of the plants. Weaver and Thiel (1917 : 46) measured the transpiration rela- 
tion by means of bur-oak seedlings in three habitats, prame, hazel-scrub, and 
oak forest, near Minneapolis. Similar measurements were made with maple 
and elm seedlings in scrub and prairie at Lincoln. Further experiments were 
made with sun and shade forms of the same species, and with sun and shade 
branches of the same plant. The species employed were Acer sacchannum 
Ulmus americana, Fraxinus lanceolata, Rosa arlzansana , Primus serotma, and 
Acer negundo. The general results showed a transpiration 2 to 3 times greater 
in prairie than in scrub and 6 to 10 times greater than m the Typha .swamp. 
Evaporation was regularly greater than transpiration, and no constant le a- 
tion was found between the two, as would be expected. Sampson (1919 .4) 
has recently made a comprehensive use of Pisum arvense, Tnticum durum, 
and Bromus marginal as standard plants in measuring the difference of 
the climax zones of the Wasatch Mountains in central Utah (of. Chapter \1IJ. 

The use of plants to measure light intensities has as yet received almost no 
attention in spite of its great promise. This correlation has been made from 
the standpoint of adaptation by E. S. Clements (1908 :_83) ; when combined 
with growth and gross form, as in later studies, this method is simple 
and of great value. Even more significant is the use of standard plants for 
measuring light intensity and quality by means of the photosynthate produced 
in unit areas. Pre limina ry work of this nature has been carried out by Clem- 
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application. The use of plants as mstruxnents for 
habitat analysis is further discussed on a later page. 

THE PHYSIOLOGICAL BASIS. 

■Kinds of resDonse —With rare exceptions a physical factor produces a func- 

its recognition correspondingly increases. As a consequence, ma c 

have so far been based largely upon species and J^^ JSbeen 

“ habit^ metres 
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the factors arc essentially natural, a further 
analysis by means of functional determinations seems desirable if not impel atit e. 
TTflw of habit— There are three reasons for the superiority of function over 
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for subalpine trees, some of which change their form and not their seasonal 
phenomena, while others reverse this behavior (Engler, 1912 : 3). The 
response of herbaceous species grown in two or more habitats is equally signifi- 
cant. . Some are so responsive or plastic that both form and structure show 
practically perfect adjustment to each habitat in the first generation. Others 
modify the form and not the anatomy, and still others the interior of the leaf 
but not its form. There are all degrees of completeness of response to the 
stable plant, in which form and structure change little, and all the adjustment 
must be secured through function (E. S. Clements, 1905: 93). 

As a consequence, the indicator value of any species can not be known until 
its functional response has been measured and correlated with the structural. 
This does not mean that the constant occurrence of a species in certain condi- 
tions can not be turned to practical account, but it does suggest the wisdom of 
regarding such correlation as tentative until the functional indication has been 
determined. The latter will also solve the puzzles presented by communities 
in which very different life-forms, such as evergreen and deciduous trees, 
appear to flourish on equal terms. The most striking ease of the masking of 
the real response by habit is seen in such leafless rush-forms as Sdrpus Incus - 
tris and Equisetum, in which it is now proved that the functional response is 
that of a hydrophyte (Sampson and Allen, 1909:49; Dosdall, 1919). 

Individuality in response. — Indicator values center about the species. Uni- 
formity of behavior under uniform conditions and clear-cut adjustment when 
these are changed are the essentials of a good indicator. For these reasons it 
is important to deal chiefly with species which are represented by many indi- 
viduals, such as dominants and subdominants, and hence to use the community 
as the basis for indicators. This makes it necessary to determine the range of 
individual response in function and growth as well as in structure. In devel- 
oping the use of standard plants as instruments, this matter is of the first 
importance. While the question of standardization will always enter, it will 
be convenient to use those species in which the individuality or functional 
response is slight. In the use of indicators, the range of individual behavior 
is a less important consideration than the knowledge of the range. 

Sampson and Allen (1909 : 37) have studied the individual behavior of four 
montane species as to transpiration and reached the following conclusion: 

“Only slight variations occur, not usually exceeding 3 mg. per square centi- 
meter for a period of 12 hours. Therefore, it may be concluded that plants of 
the same species grown in the same habitat when tested under the same 
physical conditions show but slight variation in transpiration per unit of 
surface exposed.” 

Effect of extreme conditions. — The significance of extreme conditions for 
response and the relation to indicator values is shown by the case of xerophytes 
and halophytes. While the latter are now known to be merely xerophytes of a 
somewhat special type, they were long thought to constitute a distinct class. 
This is still true in a measure of those species which tolerate salts directly 
injurious, but it is well known that the majority owe their impress to physio- 
logical dryness due to the abundance of salts. But, while halophytes are 
indicators of arid conditions, it is a special type of aridity, and the indication 
must not be assumed to mean just what it does in ordinary soils. 
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A somewhat similar case is afforded by the evergreen shrubs. In spite of the 
work of Kihlmann (1890 : 88, 105), it has been generally assumed that the 
evergreen shrubs of bogs, such as Chamaedaphne, Andromeda, V actinium, 
Ledum, etc., were xerophytes essentially similar in water relations to evergreen 
shrubs of arid climates. Recently the experiments of Gates (1914 : 445) have 
confirmed the conclusions of Kihlmann that while they are xerophytic, it is in 
response to physiological dryness in winter, and that they do not indicate 
aridity in such habitats during the summer. In fact, the summer indications 
are rather those of deficient aeration. # 

When growth is considered, the response of the same species to dineient 
extremes of one factor or another is often very similar. E. S. Clements 
•(1905 : 93) has found in control experiments with Chamaenerium , Aquilegia , 
and Anemone that extremes of any factor which are not optimum for the species 
tend to dwarf plants growing in them. The general principle has been formu- 
lated as follows by Clements (1905 : 105) : 

“When a stimulus approaches either the maximum or minimum for the 
species concerned response becomes abnormal. The resulting modifications 
approach each other and in some respects at least become similar, bucn 
effects are found chiefly in growth, but they occur to some degree in structure 
also. It is imperative that they be recognized in nature as 'well as m field and 
control experiment, since they directly affect the ratio between response and 
stimulus.” 

This applies with especial force to the recognition of indicators, since their 
value depends primarily upon the close correspondence between response and 
the causative factor, 

Phytometers. — The best indicator of the nature of a habitat and of its practical 
utilization is the particular plant oj community concerned. This is axiomatic, 
but it needs emphasis in connection with the experimental study of indicators. 
Such study may be made by means of physical instruments, standard plants, or 
the plants to be grown as a natural or artificial crop. The former is the simplest 
of the three, the latter the most effective. The use of standard plants com- 
bines the advantages of both to a large degree, and seems destined to undergo 
extensive development during the next few years. The refinement of method 
will lead to an increasingly wider range of possible standard plants, until it 
includes a large number of the species of greatest importance in agriculture, 
forestry? and grazing. Out of these will emerge a few species of bi oad powers 
of adjustment and adaptation which can be used as measures over great areas, 
such as between the associations of a climax formation or even between climax 
habitats themselves. A number of species of this sort are already clearly 
pointed out by their vast ranges and their vigorous growth in different regions. 
Of the grasses, Bouieloua gracilis , B. racemosa , Stipa comata , and Andropogon 
scoparius are perhaps the most promising, and among shrubs Rhus trilobata, 
Cer cocarpus parvifolius , Ceanoihus veluiinus, and Rubus sirigosus. Of the 
trees, aspen is the best, with Pinus ponderosa and Pseudoisuga muaronaia as the 
best of the conifers for the western half of the continent. As general stand- 
ards, such w r eedy herbs as Heldanihus annuus, Meliloius alba , ana Brassica 
nigra are most useful. The most satisfactory cultivated plants are yet to be 
determined, but wheat, corn, and beans have obvious advantages. 
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Preliminary results justify the feeling that standard plants or phytometers 
can be developed with more or less readiness to measure varying amounts of 
the direct factors, water, light, temperature, soil-air, and solutes. Such func- 
tional responses as transpiration and photosynthesis furnish the most accurate 
measurements, but growth responses are also of the greatest value, especially 
where factor-complexes are to be measured. Determinations based upon 
responses in form and structure are also distinctly valuable. Because of the 
longer time involved, they do not permit of such complete control, and their 
correlation is less exact. In all of these, the error due to individual behavior 
must be checked out by careful selection of individuals and by using a number 
sufficiently large to yield a mode and to permit the elimination of those which 
depart widely. In addition it has proved increasingly desirable to use a 
battery of two or more species as phytometers, since this increases the number 
and accuracy of the results quite out of proportion to the extra labor involved. 

The first application of the phytometer method was made by Clements and 
Weaver (Clements, 1918 :288; 1919) at Pike’s Peak in 1918 and 1919. The plants 
used were sunflower, beans, oats, wheat, sweet clover, and raspberry, Rubus 
strigoms. These were grown in sealed containers, with plants in open pots as 
checks on the conditions for favorable growth in the former. The normal 
number of pots for each species was 3 to 5, but this was often reduced by mis- 
haps. Three series were grown during the summer, the period varying from 
28 to 45 days. The habitats measured were those of the short-grass associa- 
tion at 6,000 feet, the half-gravel associes, the gravel-slide associes, and the 
Pseudotsuga consociation at 8,500 feet, and the Picea engelmanni consocia- 
tion at 9,000 feet. Stations were visited each week for the purpose of making 
weighings and of reading the various recording instruments. The responses 
primarily considered were transpiration and growth, though photosynthesis 
was measured also. These showed marked differences with reference to alti- 
tude, degree of shade, and seasonal factors. The relative values were the same 
for the native Rubus as for the cultivated plants, and the complete results seem 
to leave no question of the paramount importance of plants for the quantita- 
tive study of habitats and communities (plate 7). 

The use of several dominants in a phytometer battery amounts almost to 
employing a plant community as a measure, and suggests the possibility of 
utilizing portions of actual communities in this way. The simplest way of 
doing this at present is by means of permanent quadrats which are visited each 
month or each year and growth actually recorded by height or volume meas- 
ures or by weight. Since many communities containing both dominants and 
subdominants, such as Stipa with Amorpha canescens, Psoralea tenuifiora, and 
Brauneria pallida , occur throughout the area of most climaxes, a series of 
quadrats containing essentially the same population can be established through 
a wide range of conditions. Locally, where diverse habitats are found within 
short distances, as in the case of zones about ponds and of dynamic areas, it is 
not difficult to transfer soil-blocks of the same community to several different 
habitats and to follow their behavior in terms of the growth and abundance of 
the species concerned. Such communities afford the best possible measure of 
the serai habitats and reactions typical of succession, especially when recip- 
rocal transfers are made between two contiguous or successive stages. 
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THE ASSOCIATION AL BASIS. 

Nature of association— The association of two or more species in a comm unity 
is due to one or two of the following three reasons: (1) general similarity of 
functional response to controlling factors; (2) dependence upon the reactions 
of the dominants modifying these factors; (3) dependence upon the autophytes 
as hosts or matrices. The last two reasons also explain as a rule the presence 
of the animals of a community as well. Hence it is obvious why one species of 
a community should indicate the actual or probable presence of the others 
regularly associated with it, and likewise the corresponding factors. This 
principle is susceptible of extended application, but it is nowhere more striking 
than in the case of relict herbs of a former forest. Though axiomatic, it must 
be used with some care, since no two species are exactly alike in response and 
indication, and since successional factors often enter to cause confusion. 

The occurrence of a dominant indicates not only the presence or possibility 
of its associated dominants, but also that of the related subdominants, second- > 

ary species, hysterophytes, and animals. This is as axiomatic as it is patent in 
the case of an actual community in the field. This relation becomes of real ; 

indicator significance where the community is partially or largely destroyed, 
when it is rapidly changing, or is but incompletely known, especially in the case 
of fossil vegetation. A subordinate species likewise indicates other subordi- 
nate species as well as the controlling dominants, except in those plants which 
occur in two or more associations or formations, as well as in different serai 
stages. Even hysterophytes have a distinct indicator value when they are 
restricted to particular hosts. Moreover, it is clear that the associational rela- 
tion signifies that animals may often be indicators of plants, as well as plants 
of animals. 

Dominants. — A dominant is the most important of all indicators. This is due ; 

to several reasons. The first of these is that it receives the full impact of the 
habitat, usually throughout the growing period. The second reason is that it 
reacts upon the controlling factors, and thus modifies the response of its asso- 
ciates, It also marks the progress of succession and consequently is bound up 
in a sequence of dominants, with the result that it affords both developmental : 

as well as associational indications. In addition, it shows great abundance 
over extensive areas and occupies a wide range. In fact, its very dominance 
is the sign of its success under the conditions where it controls. However, it 
is necessary to recognize that a dominant species is not always dominant, and j 

that its control may be local and developmental in parts of its range, while it is J . 

extensive and climax in the main portion. Bouteloua gracilis is one of the most |' 

exclusive of climax dominants in its typical area, the short-grass association of $ 

the Great Plains, but it becomes a co-dominant or merely a successional one in ;; 

the related associations of the grassland formation, and on the edge of adjacent / 

climaxes, such as the chaparral and the sagebrush. In the Stipa-Koeleria * !■; 

prairies it is subclimax on the ridges and drier slopes, while in the Aristida - j\' 

Bouteloua desert plains it is usually subclimax also, but in the valley plains and f l 

swales it is truly climax. In all three associations it possesses indicator value K 

as a dominant, but this value is different in each one, both as to its associates H 

and the relative conditions. Near the edge of its range it loses its dominance b 

and becomes merely a subordinate member of the community with a greatly 
modified or restricted significance. \) 
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The distinction between the dominance and the mere presence of a species is 
vital, from the standpoint of the structure of vegetation as well as from that of 
indicators. It is this which makes catalogues, lists of species, and general 
descriptions of the flora of a region of little value to the ecologist. In fact, such 
materials are trustworthy only in associations already known, where they are 
superseded. This is exemplified by a number of grass dominants. Bouteloua 
gracilis is found from Manitoba to Wisconsin and Mississippi, west to Texas, 
central Mexico, and California, and northward to Alberta and Saskatchewan. 
It occurs as the characteristic climax dominant of the short-grass association 
only in eastern Colorado, southwestern Nebraska, western Kansas and Okla- 
homa, northeastern Arizona, northern and eastern New Mexico, and in the 
Panhandle and Staked Plains of Texas. Usually with Bulbilis , it is more or 
less regularly associated with Stipa and Agropyrum from northwestern 
Nebraska and northern Wyoming through the Dakotas and Montana, into 
Saskatchewan. Altogether it is a climax dominant over perhaps a quarter 
of its range and a serai dominant over another quarter. Stipa comaia is a 
climax dominant to-day only in Nebraska, northern Colorado, Wyoming, the 
Dakotas, Montana, and Saskatchewan, though it ranges from the latter to 
Nebraska, New Mexico, California, and northward to Alaska. As a conse- 
quence, the vegetational and indicator importance of any dominant species can 
be determined only by field studies of its abundance and rdle. Maps and con- 
clusions based upon the distributional area alone are both misleading and 
erroneous (plate 8.) 

Equivalence of dominants. — The dominants of a formation owe their associa- 
tion to the generally similar responses which they make to the climax habitat. 
This fact is further attested by the identity of life-forms and, to a small degree 
as yet, by actual measurement of the controlling factor. As the sum of similar 
responses, the formation is thus the largest and most distinctive of all indicator 
communities. Within the formation the dominants fall into associations by 
virtue of still closer similarity in response. Thus Stipa , Agropyrum , and 
Koeleria constitute the climax prairies. By their height and general turf 
habit they indicate a rainfall of 20 to 30 inches. Bouteloua gracilis and Bui- 
bilis dadyloides form the short-grass plains. Their short stature and mat ho ! fit 
are responsive to a smaller rainfall of 12 to 22 inches, which in effect is much 
reduced by evaporation. The Aristidas and Boutelouas of the desert plains 
from Arizona to western Texas are somewhat taller, but their bunch has fit is 
an index of a smaller water efficiency, largely the result of excessive evaporation. 
This relation is further indicated by the presence of Bouteloua gracilis in the 
moister valleys, and by the fact that Stipa and Agropyrum regularly mix with 
the short-grasses as indicated above, but have never yet been found mixed 
with the species of Aristida and Bouteloua characteristic of the desert plains. 
So far as our present knowledge goes, dominants of the same association or of 
the same associes are never exactly equivalent. Actually, they may seem to 
be since the annual variations of the climatic cycle are often much greater than 
the difference in conditions. Even here, however, they tend to maintain i heir 
position or abundance, relative to the controlling factor. As a consequence, 
each consociation has its own indicator value, which, so far as its presence is 
concerned, necessarily varies somewhat from wet to dry phases of the cycle, 
but is checked by corresponding variations in growth, reproduction, and ahun- 
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dance. Thus, Stipa spartea and Agropyrum glaucvm show climatic differences 
from S. com ala and *4. spicatum , while Stipa coniata and Agropyrum glaucum 
occur together over thousands of square miles, blit are differentiated by water 
relations determined by soil and slope. The actual physical differences in equiva- 
lence are slight, and hence the dominants of an association tend to mix or to 
alternate intimately instead of being pure over wide areas. However, this is 
necessarily truer of an association with several to many dominants than of one 
with but a few (of, Zon, 1914 : 124). 

Each dominant will grow in a fairly wide range of conditions, but will thrive 
only in a much narrower range. The field optimum for each is not a single 
point but an area. The areas of the dominants of the same association or 
assoeios overlap to such an extent that they coincide except at the extremes. 
If the ranges of normal adjustment of Stipa comata and Agropyrum glaucum be 
represented in each case by a rectangle, the two rectangles will coincide for 
three-fourths of their lengths approximately. This indicates the degree of 
equivalence, the projections of each rectangle representing the actual difference 
in water-response for each species. This overlapping has its real counterpart 
in communities where the dominants are zoned. The mixed area between two 
zones represents the range of factors for which the two dominants are equiva- 
lent, and the pure zone on either side indicates the range peculiar to each. 
1 here is no necessary correspondence between the width of the zones and the 
mixed urea, and the range of factor coincidence for the two dominants, owing 
to the varying rate at which such a factor as depth of water or amount of 
water-content may change. In the lakes of Nebraska, the two successive 
dominants, Scirpus and Typha , occupy the same depths from a few inches to 
several feet. Over most of this range they are mixed or alternating, but 
beyond 4 to 5 feet Typha drops out, while Scirpus may persist to a depth of 
6 to 7 feet. Except where shores slope rapidly, the mixed zone is many times 
wider than the zone of pure Scirpus. 

In this connection it should be recognized that dominants show a wider 
margin between the normal range and better conditions than between it and 
worse conditions. In other words, a species is quickly and definitely limited 
by unfavorable factors, while those generally favorable to growth exert little 
limiting effect, the real effect being clue to competition. This is the obvious 
explanation of the number of dominants and the abundance of species in sunny 
well-watered habitats, such as prairies, open woods, alpine meadows, etc., and 
their paucity in deserts and saline wastes. In short, abundance is itself an 
indicator, whether it concerns the individuals of one species or the species of a 
community. 

Absence of dominants —The absence of a dominant from its particular com- 
munity is often of indicator significance. A dominant may be lacking as a 
result of several different causes. Its absence may be due to unfavorable 
controlling factors, to very uniform conditions, to competition, destruction, or 
to the failure of invasion for any reason. In all of these cases except the last, 
absence has a definite indicator value, though it is practically always supple- 
mentary to the presence of its associates. This is perhaps its chief value, in 
that it enables us to check the positive indications obtained from presence. 
Absence due to unfavorable conditions or to competition is the rule. Uni- 
formity of conditions, however, is a more frequent cause than has generally 
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been recognized. This is well illustrated by shallow lakes in the sandhills of 
Nebraska, where the depth is so uniform that Scirpus is the sole ; dominant , in 
spite of the fact that neighboring lakes show Typha, Zizania, and Pfo-ogmxfes. 
Absence as aresult of destruction is usually difficult to Jtermme anclyet is of the 
greatest indicator importance. The grassy parks of the Uncompahgre Plateau 
fn Colorado are so extensive and appear so permanent that then re ^ s ^ 
cance as well as that of the absence of the trees, was finally determined only 
bv the discovery of burned wood deep in the soil. Similarly, much evident , 
has been found to show that the absence of Stipa 

stretches of the Great Plains reveals overgrazing of a type that has nevei oeen 
suspected Thus, while absence is necessarily correlated with the presence of the 
related dominants in order to be usable, it does furnish indications of much value. 

Subdominants.— Subdominants are species which exert a minor coutro 
within the area controlled by one or more of the dominants of an association or 
associes. They are the successful competitors among the species ^hich accept 
the conditions imposed by the dominants. As a rule they differ fiom the latt 
in life-form, and their competition is largely mutual rather than with the domi- 
nants. This is obviously the case in forests where the subdominants foim 
layers. In grassland, where fight controls in a minor degree alone, the lad- 
ing is in the soil, but with a somewhat similar result that the dominants usethc 
water before it reaches the deep-rooted herbs. In prairie and . 
is often enough water for both, a condition favored by the fact that bubdom 
nants reach their maximum at different times during the season and hence 
cause the characteristic seasonal aspects. During dry phases of the climatic 
cycle, however, there is direct competition between dominants and subuoim- 
nants, but usually at the expense of the latter. 

Within the limitations set by the dominants, subdominants follow the same, 
general principles as to indicator values. This applies to their associat ion m a 
community, either climax or serai, their equivalence, their dominance as com- 
pared with mere presence, and to their absence. They diverge however, m 
exhibiting a seasonal sequence in many associations, by which they appeal o 
escape too intense competition with each other. Prairies purple with Astra- 
galus crasticarpus in April and May are covered with Amorpha Immlea, 
Petalostemon and Erigeron in June and July, and these m turn yield to golden 
rods, asters, and blazing stars in August and September. To a large extern 
these successive societies occupy the sa ne ground and "would seriously compete 
with each other were it not for the fact that the maximum demands ot Astra- 
galus, for example, are over before those of Psoralea, rmd Engerm begin. 
Societies thus have a time as well as a space value as indicators. VV hue trie 
subdominants of the same aspect are equivalent to a large degree, those ot . le 
three aspects, spring, summer, and autumn, differ in being progressively mow 
xerophytic, owing to the seasonal relations of rainfall and evaporation. 
Societies are not only most numerous and best-developed during t rie early 
summer because of optimum conditions, but they likewise reach a maximum in 
those communities with optimum conditions, such as prairie and tores . n 
the short-grass plains they are greatly reduced, and in desert they are relatively 
few, except in the spring. This exception covers those deserts with two luiny 
seasons in which the socies of winter and summer annuals are possible only 
because of a relative excess of moisture near the surface at these times (plate J). 
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Secondary species.— This is here used as an inclusive term to comprise all the 
autonomous species of a community outside of dominants and subdominants. 
Their subordinate importance has caused them to receive relatively little 
attention, but their correlation with habitat factors has gone far enough to 
show that they all possess indicator value to some degree. In a sense, this is 
thrice removed from the habitat, since in climax communities in particular the 
conditions to which secondary species respond have been modified by the 
dominants and then by the subdominants. Secondary species either make 
minor communities such as clans, c. g Antennaria dioeca , Meriolix serrulate , 
Anemone caroliniana, Delphinium carolirdanum , etc., or theyoccur’as scattered 
individuals in society or consociation. When they form more or less extensive 
clans which recur throughout an association, their indicator value approxi- 
mates that of a subdominant. In fact, it must be recognized that some of the 
most important clans might well be regarded as societies. Or to put it more 
clearly, some subdominants vary sufficiently in abundance and control from 
place to place and year to year that they may form societies at one place or time, 
and clans at another. Apart from these, clans and scattered species have 
their chief importance in revealing minor differences of habitat within the con- 
sociation or society. They are often due to small disturbances and to succes- 
sion in minute areas, and derive their indicator significance from this fact. 
It is probable that the careful study of secondary species will disclose some 
indicators of much sensitiveness and usefulness. 

riant and animal association. — It is desirable for many reasons to consider 
animals an intrinsic part of the community as a biological unit. The great 
value of this is that it insures an adequate and correlated treatment of both 
plant s and animals. It does not change in the least the basic relations between 
physical factors, plants, and animals, upon which their mutual indicator sig- 
nificance depends. Just as the plant indicates the factors and processes to 
which it responds, so does the animal serve as an indicator of the plant or 
community which furnishes it food, shelter, or building materials. The 
animal also indicates physical factors in so far as they affect it directly. The 
plant, however, has a double indicator relation by virtue of its response to 
factors on the one hand and of its control of animals on the other. Since 
animals are mobile for the most part, the control and the indications afforded 
by plants are necessarily less definite and exact. While the study of animal 
communities has gone far enough to provide a qualitative basis for plants and 
animals as reciprocal indicators, there has been no conscious endeavor to 
investigate this relation as yet. This is not true of paleontology, however, in 
which such causal relations as that between grassland and grazing animals 
have been much used. Even here an adequate and comprehensive system 
must await a fuller development of indicator values in present-day communi- 
ties. A preliminary attempt at such a system in both ecology and paleo- 
ecology is made in Chapter III. 

THE SUCCESSION AL BASIS. 

Scope. — Since the nature of the habitat and the character of the population 
are constantly changing in all serai areas, succession is of profound importance 
in connection with indicators. While the basic rule that plants respond to the 
controlling factors holds for developmental as well as climax communities, the 
indicators change as the succession advances. Each stage of the succession is 
marked by factors which act upon species which react in turn. Hence the 
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indicator relations change more or less slowly but inevitably from one stage to 
the next. While the developmental areas of a formation are usually less in 
aggregate extent than those occupied by the climax stage, they are so numerous 
and various as to demand constant attention. The relative permanence of an 
indicator relation depends wholly upon whether it is determined by develop- 
mental or climax conditions. Since the use of any area for cropping, foresta- 
tion, or grazing either demands or effects constant changes in it, succession is 
the basis of all utilization of communities or dominants as indicators. 1 his is 
especially true in the case of land classification, as Shantz has shown (1911 : 18 ) , 
and it applies also to all engineering and construction operations in which the 
soil is disturbed or new habitats produced. 

Sequence of indicators. — Succession has been defined and analyzed as the 
development of a complex organism, the climax community or formation 
(Clements, 1905 : 199 ; 1916 : 3) . It is a chain of causally related functions or 
processes. Development begins at certain definite points, pursues a regular 
course, and ends in the final or mature stage, the climax. As a result, each 
serai dominant or community has indicator values beyond those arising from 
the basic relation between plant and habitat. Each stage is the outcome of 
those that precede and the precursor of those that follow until the climax is 
reached. It indicates not merely the existing conditions, but it also points 
backward through successively remote stages to the beginning of the sere, and 
forward through those which lead up to the climax. Since the development of 
the habitat proceeds step by step with that of the formation, each stage is an 
indicator of earlier and later habitats as well as communities. Succession, 
moreover, is always progressive, and makes it possible to forecast not only the 
direction of development but something of the rate as well. It depends 
primarily upon the production of new, denuded, or disturbed habitats, and thus 
serves as an indicator of the many processes, physiographic, biotic, etc., which 
initiate new habitats or denude existing ones. 

The several indicator values of a serai community depend primarily upon 
the climax and the sere to which it belongs. The climax determines the domi- 
nants and subdominants from which the stages are drawn, indicates the climate 
in general control of the habitat changes, and constitutes the final stage toward 
which all the successions are moving. It is in itself an indicator of succession, 
since it permits the prediction of the general course of development that 
results from any disturbance in it. The division of seres into primary and 
secondary rests upon the double basis of habitat and development, and explains 
why each sere has indicator significance in itself. The primary sere or prisere 
Indicates an extreme condition of origin, such as water or rock, slow reaction 
on the part of the earlier communities especially, and hence a large number of 
successive communities. The secondary sere or subsere begins on actual soil 
in which the conditions are not extreme, requires less reaction, exhibits few 
stages as a rule and runs its course to the climax with much rapidity. All 
seres, but primary ones in particular, are distinguished upon the basis of the 
climax and the water relations of the initial area. The great majority of seres 
are mesotropic, that is, they progress to a mesophytic climax. In desert regions 
they are xerotropic and in the tropics may be hydrotropic (Whitford, 1908 ). 
Their indicator meaning varies accordingly, but it is even more subject to the 
water-content of the initial area. Seres are termed hydrarch (Cooper, 1912 ; 
198) when they originate in water or wet areas, and xerarch when the initial 
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condition is xerophytic or at least considerably drier than the climax. The 
nature and indicator value of hydroseres differ in accordance with their 
origin in lakes and swamps, or in bogs or other poorly aerated wet soils 
(oxv seres), Similarly, the indicator values of xeroseres vary with their origin 
upon rock, dune-sand, or in saline areas (plate 10), 

Major successions as indicators. — The seres or unit successions discussed 
above are themselves parts or stages of greater successions. The eosere is a 
series of two or more unit successions in the same spot, and is best illustrated 
by those peat bogs in which the remains of the various stages and seres are 
accumulated in sequence and in position. In addition to the indications 
furnished by each sere, the cosere always indicates one or more striking changes 
of condition. When it exists over a wide area or recurs in the same relation in 
several regions, it is an indicator of climatic change. An effective change of 
climate is denoted by the occurrence of the peat formed by water-plants as the 
layer above that which records the presence of the climax or subclimax trees. 
Such coseres have been industriously studied by European investigators, 
Stecnstrup, Blytt, Lewis, and others (Plant Succession, 378), and their climatic 
correlations established with much certainty. The record of a cosere is well 
preserved in water and especially in peat-bogs, but the more or less fragmen- 
tary records furnished by burns, dimes, moraines, and volcanic deposits are 
often of great value. This is especially true of the deposits of periods of great 
volcanic activity, such as the Miocene, as found in Yellowstone Park and the 
John Day Basin (Plant Succession, 367). 

Major changes of climate are accompanied by the shifting of climaxes as 
well as by the succession of seres in the same spot. The differentiation of 
climates during the Paleophytie and Mesophytic eras led to corresponding 
differentiation of vegetation with characteristic zones grouped around centers 
of deficiency or excess. These zones were clearly marked out by the middle of 
the Cenophytie era, since which time the major effects of climate have been 
recorded in their shifting. If seems highly probable that the climatic cycles 
which produced and characterized the glacial period were accompanied by 
marked shifting of climax zones and that the close of the period left the primary 
zones of continents and mountains much as they are to-day. Such zones are 
the most striking and important of all climatic indicators, and their significance 
has been appreciated and investigated for more than a century. Perhaps even 
more important is the fact that such a series of shiftings or zones is a succes- 
sions! process by which it becomes possible to predict the general effect of any 
climatic cycle. This relation has already been developed to some extent 
(Plant Succession, 347, 364) and is further discussed in connection with paleo- 
ecology (Chapter III). The greatest climatic changes of geological times are 
thought to be indicated by the evolution of the great land-floras and their 
differentiation into climax vegetations. Thus, the entire course of the devel- 
opment of the earth's vegetation, which is called the geosere, is divided into 
eosares corresponding to the three great eras, and each eosere then exhibits 
clisore shifting in response to lesser cycles. The use of zones as indicator 
criteria is discussed in the next section. 

THE EXPERIMENTAL BASIS. 

Nature.— Indicators derive their importance chiefly from their practical 
applications. For all practical purposes, indicator values must finally be 
determined by experiment. The degree of their usefulness will depend mostly 
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upon the kind and thoroughness of the experimental test. The planting of a 
Sal crop by a settler will give some idea of the indicator meaning of the native 
vegetation that has been removed. In such a case the evidence is shghtaml 
its value tentative. If the planting is repeated for several years 01 is extended 
to other farms or localities, its value increases accordingly. As this is the 
usual course for a crop in a new region, it is obvious that ordinary agncultura 
practice must suggest indicator correlations with crop plants. Ihis is well 
known to be the case, but the actual utilization of indicators by farmers seems 
always to have been inconsiderable. This is largely due to a lack of knowledge 
of native plants, especially in a new region, but also to the fact that this 
knowledge was needed most in selecting land and choosing crops, at a time 
when it was still to be acquired. Thus, while the aggregate experience of a 
neighborhood might possess real value, there has rarely been any method of 

formulating it and making it effective. , w , 

The extension of experiment stations and substations throughout the W est 
initiated the period of scientific study of agricultural problems. The investi- 
gations were directed chiefly to the selection of the best varieties for different 
regions and soils and to the improvement of yields. Unfortunately, the hota- 
nist was not interested in the problems of field crops and the agronomist was 
little or not at all concerned with native vegetation. The result was that a 
great mass of experimental data remained unavailable because it lacked corre- 
lation. It was possible to give this only through ecological studies, and then 
only after quantitative methods had been devised for the analysis of habitat 
and community. As a consequence, exact and purposeful studies on mdica- 
tors date from the present decade for each of the three great fields, agriculture 
(Shantz, 1911 ), forestry (Clements, 1910 ), and grazing (Clements, 1916 : 102; 
1917 • 303 - 1918 : 296 ; 1919 ). In spite of this late beginning, the recognition 

and utilization of indicators axe destined to undergo rapid development. Thisis 

especially true of forestry and grazing, owing to the fact that the corresponding 
experiment stations and reserves are organized upon the basis of exact ecology. 

Essentials. — It has already been insisted that experiment affords the onlj 
decisive test of an indicator. A single experiment may do this if properly 
checked, but repetition is regularly necessary to cover the range of conditions 
in space and in time. The experiment itself must be made with the fullest 
knowledge of the factors concerned as well as the vegetation to be correlated. 
As already pointed out, this involves quadrat study of the community and its 
successional relations, and instrumental study of the habitat and its variation 
through the climatic cycle. The thoroughgoing application of this method 
makes it possible to take advantage of countless natural happenings to convert 
them into experiments. The number of such possibilities furnished by dcnu- 
dation, lumbering, fire, cultivation, grazing, etc., is countless. If adequately 
utilized, they will not only greatly reduce the number of set experiments 
necessary, but will also make the latter possible on a scale otherwise out of the 
question. The natural experiment has the advantage in economy of time and 
effort, and in repetition of examples. The checked experiment, permits of a 
definite choice as to time and place, and allows greater control. It is the essen- 
tial task of experimental ecology to combine these into a complete method, 
which will give quantitative results throughout the field of ecology as well as in 
connection with indicators. This is one of the primary objects of the present 
treatment, though the indicator relations are necessarily given first place. 
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INDICATOR CRITERIA. 

Nature and kinds of criteria. — Every response of the plant or community 
furnishes criteria for its use as an indicator. These are most serviceable when 
they are visible, but demonstrable functional responses may be even more 
valuable, though invisible. The evidence as to functional responses in natural 
habitats is still very limited, and will be considered in the next chapter under 
the factors concerned. Here the discussion is confined chiefly to the criteria 
afforded by form and structure, with which growth is included. The develop- 
ment of the community is also considered along with its structure for the same 
obvious reasons 

Criteria may first be divided into two kinds in accordance with their relation 
to the individual plant or to the plant community. Individual criteria are 
phylogenetic when they have to do with species and genera, and ecological 
when they relate to life-forms and habitat-forms. It is probable that these 
are all ecological responses, and that species and genera are more remote in 
origin and hence their ecologic significance less evident. Life-forms are less 
remote and their dependence upon the habitat more evident, while habitat-' 
forms are mostly of more recent origin and their relation to the habitat obvi- 
ous. This view seems to be supported by the fact that it has proved impossible 
to make a system of life-forms which is not based in part upon taxonomic 
forms and in part upon habitat-forms. All of these criteria permit still finer 
analysis, as species into varieties and forms, and habitat-forms into those pro- 
duced by local or minute habitats. The experimental study of species and 
life-forms is still too slight for such a procedure, and it is possible as yet with 
only a small number of habitat-forms. The consideration of indicator criteria 
is based upon the following divisions: (1) species and genera; (2) life-forms; 
(3) habitat-forms; (4) growth-forms; (5) communities. 

Species and genera. — Quite apart from the life-forms and habitat-forms 
which they exhibit, species and genera, and to some extent families also, have 
an indicator value dependent upon their systematic position. The latter is 
determined primarily by the responses recorded in the reproductive structures 
at a time relatively remote. Their indicator meaning is consequently often 
obscure, and this obscurity is increased by a complete lack of experimental 
knowledge as to the factors which originate reproductive characters. Thus, 
while many species and genera show correlations with habitat or climate, this 
is chiefly on the side of vegetative responses, such as the relation of the Nyrn- 
phaeaceae to bodies of water. They often exhibit, however, a valuable indirect 
correlation with climate due to origin and migration. This is the basis of 
floristic studies such as those of Sendtner (1856), Drude (1890), and others, and 
of the more exact floristic methods of Jaccard (1901-1914) and Raunkiaer 
(1905-1916). The value of these must remain statistical and general until 
they are related to successional movements and to measured physical factors. 

Species and genera acquire their chief significance by virtue of the ecological 
values involved in phylogenetic relationship. This is obviously true of all 
genera which are largely or wholly consistent as to life-form, and it holds to a 
considerable degree for all others. Habitat, successional, and indicator values 
are concerned in this, and the genus thus becomes a sign of a more or less 
definite ecological complex of responses. This is likewise true of species in the 
general sense employed by Linne and Gray. A genus consists of several to 
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many species because of the diverging evolution of an original stock under the 
more or less direct control of changing habitats, A species shows a similar 
evolution of forms, distinguishable from each other but mutually related to each 
other by descent, as are the species of a genus* For the ecologist, the relation- 
ship of "such forms to the parent species is fully as important and even more 
significant than their recognition. It is imperative for his purposes that this 
relationship to the species be shown by the name as the latter shows that of 
species to the genus. This demands the use of trinomxnals, which is in accord 
with the general practice of ornithologists and mammal ogists, but contrary to 
that of many systematic botanists. The one disadvantage of the trinomial is 
length, but this is readily obviated by using merely the initials of the specific 
name, e. g, f Achillea m. lanulosa , Ranunculus f. replans , Galium b . scias (Clem- 
ents, 1908:263; Clements and Clements, 1913). This has long been the 
well-known practice of mammalogy and ornithology, e. g n Citellus t. parvus , 
Lepus c. melanotis , Cyanocitta s. frontalis , Ruteo b. calurus } etc. This or a similar 
method is inevitable if systematic biology is to aid and not hinder the develop- 
ment of ecology and the closely related practical sciences of agriculture, horti- 
culture, forestry, plant pathology, economic zoology, etc. Three reasons would 
appear to lead irresistibly to this result. The field worker must deal with units 
which are recognizable in the field with a fair exercise of patience and keenness. 
He must carry in mind the names and characteristics of a large number of 
species, and he can do this only by relating them to each other. There is a very 
definite limit to the capacity of the average memory, and this limit is greatly 
overstepped by a system which trebles the total number of species in a region 
and substitutes for a clearly marked genus like Astragalus 17 genera recogniz- 
able with difficulty by the systematist and practically impossible for others* 
Finally, while the ecologist is willing to go even farther than the systematist 
in recognizing minor differences, providing these are based upon statistical 
field studies and experiment and not upon herbarium specimens, the practical 
scientist is concerned primarily with real species rather than the many varieties 
and forms into which some of them fall. At least, when the need for a closer 
knowledge arises in a particular case, it is infinitely easier and more helpful to 
deal with the variations of a well-recognized species than with a dozen binom- 
ials, none of which to him have the slightest relation to each other. 

If taxonomy is to be helpful to anyone but taxonomers, it must clearly do 
several things. It must recognize the field as the only adequate place for 
determining new forms, and must commit itself unreservedly to the methods 
of statistical and experimental study. It must restrict the use of the binomial 
to species in the Linnean and Grayian sense and employ the abbreviated 
trinomial for all segregates of such species, except in the rare cases where a 
coordinate species has been overlooked. It must realize that the splitting of 
genera only places so many stumbling-blocks in the way of all non-systematists, 
and makes them still more unsympathetic with such methods. Finally, it must 
recognize that a manual which can be used with success only by the syste- 
matist fails signally in its purpose, and be willing to construct keys and descrip- 
tions primarily for foresters, agronomists, grazing ecologists, and others whose 
knowledge of taxonomy is slight. Upon such a basis, species end genera will 
not only have vastly greater usefulness, but greater significance also to the 
ecologist, and he will be encouraged to do his share by handling them with 
greater accuracy and certainty. 
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LIFE-FORMS. 

History. — The concept of the life-form was first formulated by Humboldt 
(1805 : 218), who used the term vegetation-form. Under various names, 
the concept has since been employed by many plant geographers and ecolo- 
gists, and several have proposed more or less complete systems of classifica- 
tion. Grisebach (1872), like Humboldt, based vegetation-forms upon physi- 
ognomy, and both systems have in consequence little more than historical 
value to-day. Warming (1884) and Reiter (1885) contributed many of the 
essentials of the modem systems, but these probably owe more to Drude 
(1890, 1896) than to anyone else. Krause proposed a classification in 1890 
and Pound and Clements (1898) modified that of Drude somewhat in applying 
it to American vegetation. For this reason it is proposed to treat the latter 
here in detail, as well as the more recent systems of Raunkiaer (1903-1907), 
Warming (1908-1909) and Drude (1913). It will readily be seen that all of 
these have much in common, though this is not obvious in Raunkiaer’s 
classification, which is based mainly upon adaptation for overwintering. All 
of them are founded more or less upon the two principles enunciated by Drude, 
namely, (1) the role played by a particular species in vegetation and (2) its 
life-history under the conditions prevailing in its habitat, with especial 
reference to duration, protection, and propagation. In the following discus- 
sion life-form is used as the general term to include vegetation-forms, habitat- 
forms, growth-forms, etc. 

Pound and Clements, 1898-1900.— As indicated above, the system employed 
by Pound and Clements in the “ Phytogeography of Nebraska” (1898 : 45; 
1900 : 95; cf. Clements, 1902 : 616) was essentially the earlier system of 
Drude (1896) modified to fit the vegetation of a prairie State. It possessed 
some intrinsic interest in that the entire flora of the State was passed in review 
from the standpoint of the various groups, and with reference to the general 
conditions of the different habitats (1900 : 95-312). Vegetation-forms were 
arranged in 7 main groups, which were divided into 34 minor ones. This sys- 
tem was used by Clements and Clements in “Herbaria Formationum Colora- 
densium” in 1902 and “Cryptogamae Formationum Coloradensium” in 1906. 

1. Woody plants. V. Water plants. 

1. Trees. 17. Floating* plants. 

2. Shrubs. 18. Submerged plants. 

3. IJndershrubs. 19. Amphibious plants. 


1. Woody plants. 

1. Trees. 

2. Shrubs. 

3. Undershrubs. 

4. Climbers and twiners. 

II. Half shrubs. 

5. Half shrubs. 

III. Pleiocyciic herbs (perennials). 

6. Rosettes. 

7. Mats. 

S. Succulents. 

9. Creepers and climbers. 

/ Turf-builders 

10. Sod-formers. 

11. Bunch-grasses. 

Ehizomata . 

12. Rootstock plants. 

13. Bulb and tuber plants. 

14. Ferns. 

IV. Hapaxanthous herbs. 

15. Dicyclie herbs (biennials). 

16. Monocyclic herbs (annuals). 


VI. Hysterophvtes. 

20. Saprophytes. 

21. Parasites. 

VII. Thallophytes. 

22. Mosses. 

23. Liverworts. 

24. Foliaceous lichens. 

25. Fruticulose lichens. 

26. Crustaceous lichens. 
Fungi . 

27. Geophilous fungi. 

28. Xylophilous fungi. 

29. Biophilous fungi, 

30. Sathrophilous fungi. 

31. Hydrophilous fungi. 

32. Entomophilous fungi. 
Algae. 

33. Filamentous algae. 

34. Coenobioid algae. 
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B&unkiaer, 1305* — -The system of Raunkiaer (1905 : 347) seems on the 
surface to differ radically from all others. This is due to the fact that the 
winter protection of buds is assigned the first rank and the growth-form 
during the vegetative season is regarded as secondary. The apparent differ- 
ence is increased by the use of new terms based upon the degree of bud pro- 
tection. As a matter of fact, Raunkiaer’s system, like the others discussed 
here, takes account of both summer and winter conditions, and its difference 
is more a matter of arrangement and terminology than of essentials. For 
example, the group of phanerophytes corresponds essentially to woody plants, 
cryptophytes constitute the bulk of pleiocyclic herbs, and therophytes are 
annuals, while the subdivisions practically all have their equivalents in the 
other systems. The hemicryptophytes are far from satisfactory as a group, 
because of their similarity to helophytes on the one hand (p. 420) and thero- 
phytes on the other , (p . 423 ) , By the omission of cryptogams, the classification 
avoids confusion with systematic types and presents an attractively con- 
sistent character, increased by a consistent terminology. While the terms 
are well-chosen and properly constructed, their length will preclude their 
common use, except perhaps in the case of the five major groups: 

I. Phanerophytes (bud-shoots aerial) : 

1. Herbaceous phanerophytes. 

2. Evergreen megaphanerophytes (above 30 m.) without bud-scales. 

3. Evergreen mesophanerophytes (8 to 30 m.) without bud-scales. 

4. Evergreen microphanerophytes (2 to 8 m.) without bud-scales. 

5. Evergreen nanophanerophytes (below 2 m.) without bud-scales. 

6. Epiphytic phanerophytes. 

7. Evergreen megaphanerophytes with bud-scales. 

8. Evergreen mesophanerophytes with bud-scales. 

9. Evergreen microphanerophytes with bud-scales. 

10. Evergreen nanophanerophytes with bud-scales. 

11. Phanerophytes with succulent stem. 

12. Deciduous megaphanerophytes with bud-scales. 

13. Deciduous mesophanerophytes with bud-scales. 

14. Deciduous microphanerophytes with bud-scales. 

15. Deciduous nanophanerophytes with bud-scales. 

II. Chamaephytes (bud-shoots protected by snow or fallen leaves) : 

10. Suffrutescent chamaeph^des: many Labiatae. 

17. Passive decumbent chain aepht yes: species of Seduni, Saxifrage. 

18. Active chamaephytes: Linnaea, Empetrum. 

19. Cushion plants: Azoreila, Raoulia. 

III. Hemicryptophytes (bud-shoots at the soil level) : 

20. Protohemicryptophytes. 

A. Plants without creeping offshoots: Linaria, Verbena, Medicago. 

B. Plants with creeping offshoots, stolons, or rhizomes: Urtiea, Saponaria. 

21. Subrosette plants. 

A. Plants without creeping offshoots: Caltha, Geum. 

B. Plants with creeping offshoots: Ranunculus rep tans. 

22. Rosette plants. 

A. Plants without offshoots: Primula, Taraxacum, Carex. 

B. Plants with offshoots : Hieracium, Petasites. 

Plants with monopodial rosette. 

I. Monopodium with leaves but no scales. 

A. Aerial leaf and flower shoots: Trifolium pratense. 

B. Aerial shoots flower-bearing only. 

a. Without creeping offshoots: Plantago major. 

b. With creeping offshoots: Fragaria, Trifolium repens. 

II. Monopodium with both leaves and scales. 

A. Without creeping offshoots: Anemone hepatica, 

B, With creeping offshoots: Convallaria majalis. 

III. Monopodium with scales alone: Sedum rhodiola. 
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IV. Cryptophytes (bud-shoots buried in the soil): 

Geophytes; 

^ 23. Rhizome geophytes: Polygonatum. 

24. Tuber geophytes: Cyclamen. 

25. Tuberous root geophytes: Orchis. 

26. Bulb geophytes: Allium, Lilium. 

27. Root-bud geophytes: Cirsium arvense, Moneses. 

28. Helophytes: Typha, Scirpus, Equisetum, Sagittaria. 

; 29. Hydrophytes: Nymphaea, Zostera, Hippuris, Potamogeton. 

V. Therophytes (3); animals: Galium aparine, Thlaspi arvense. 

Warming, 1908. — Warming (1909 : 5) has based his outline of growth- 
^ forms upon the following principles: 

“Just as species are the units in systematic botany, so are growth-forms the 
units in oecological botany. It is therefore of some practical importance to 
test the possibility of founding and naming a limited number of growth-forms 
upon true oecological principles. It can not be sufficiently insisted that the 
greatest advance not only in biology in its wider sense, but also in oecological 
phytogeography, will be the oecological interpretation of the various growth- 
forms: From this ultimate goal we are yet far distant. 

“It is an intricate task to arrange the growth-forms of plants in a genetic 
system, because they exhibit an overwhelming diversity of forms and are 
connected by the most gradual intermediate stages, also because it is difficult 
j to discover guiding principles that are really natural. Nor is it an easy task 

i to find short and appropriate names for the different types. Genetic rela- 

tionships and purely morphological or anatomical characters such as the vena- 
tion and shape of leaves, the order of succession of shoots, monopodial and 
sympodial branching, are of very slight oecological or of no physiognomic 
significance. Oecological and physiological features, particularly the adapta- 
; tion of the nutritive organs in form, structure, and biology, to climate and sub- 

stratum, or medium, are of paramount importance. Cases are not wanting, how- 
ever, in which oecological grouping runs parallel with systematic classification. 

“In the case of the polycarpic plants it is necessary to consider, first, their 
adaptation to climate, and in particular the season unfavorable to plant life; 

1 ^ secondly, the vegetative season ; and finally the conditions prevailing in regard to 

I the soil, which Schimper terms edaphic conditions. Of greatest importance is — 

j “1. Duration of the vegetative shoot: Lignified axes of trees, shrubs, and under- 

shrubs; perennial herbaceous shoots; herbaceous shoots deciduous after a 
| short period. 

, “And closely associated with this is — 

i “2. Length and direction of the internodes: Whether the shoots have short 

internodes (rosette-shoots) or long internodes, and whether the latter are 
erect (orthotropous) or prostrate and creeping (plagiotropous). 

“3. Position of the renewal buds during the unfavorable season high up in the 
air, near the soil, under the surface of the soil, or buried in the soil (geophilous). 

“Of less importance is — 

“4. Structure of the renewal-buds or of buds in general. 

“5. Size of the plant is of some moment, not only because in the struggle for 
existence the taller plants are enabled to establish a supremacy more easily, 
but also because they are more exposed to the inclemency of climate; shrubs 
reach greater altitudes and latitudes than trees, while dwarf shrubs and 
herbs extend even further than shrubs. 

“7, The adaptation of the assimilaiory shoot to the conditions of transpiration . 

“ 8. The capacity for social life is of great importance in the struggle between 

;> species and consequently in the composition and physiognomy of the plant- 

& 
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community. This capacity is due in some cases to the prolific production of 
seed, but usually to more vigorous vegetative multiplication by means of 
traveling shoots, or shoots given off from the root. And this latter is to some 
extent determined by the soil (moist or wet soil, loose sandy soil, etc.) ” 

Warming divides growth-forms into six classes and subdivides this into 
subclasses and types as follows: 


1. Heterotrophic growth-forms: holopara- 

sites and holosaprophytes. 

2. Aquatic growth-forms. 

3. Muscoid growth-forms. 

4. Lichenoid growth-forms. 

5. Lianoid growth-forms. 

8. All other autonomous land-plants. 

I. Monocarpic herbs. 

(a) . Aestival annual plants. 

(b) . Hibernal annual plants. 

(c) . Biennial-perennial herbs, 

II. Polycarpic plants. 

(а) Renascent herbs. 

(1) Herbs with multicipital rhizomes: 

Silene infiata. 

(2) Mat-geophytes. 

a. With stem-tubers: Crocus. 

b. With root-tubers: Ophrydeae. 

c. With bulbs: Liliaceae. 

d. With perennial tuberous stem: 

Cyclamen. 

(3) Rhizome-geophytes. 

а. On loose soil of dunes: Amrno- 

phila, Carex. 

б. On loose humus soil in forests: 

Polygonatum, Anemone nemo 
rosa. 

c. On mud in water or swamp: 
Phragmites, Hippuris. 

(б) Rosette-plants. 

(1) Leaves sessile, elongated: Plan- 

tago, Taraxacum. 

(2) Leaves long-stalked, broad: Ane- 

mone, Hepatica. 

(3) Leaves succulent: Crassulaceae. 

(4) With runners: Fragaria, Poten- 

tilla anserina. 

(5) Flowers on leafy shoots: Alche- 

milla, Geum. 

(8) Flowers on leafless shoots: 
Primula. 


All other autonomous land-plants — cord. 
II. Polycarpic plants — continued. 

(b) Rosette-plants — continued. 

(7) Grass-rosettes: grasses, sedges, 

Eriocauiaceae. 

(8) Musa-form; gigantic tropical 

herbs (banana). 

(9) Tuft-trees. 

1. Trunks without second- 
ary growth; leaves large and 
divided: tree-ferns, palms, 
cycads. 

2. Trunks with secondary growth ; 
leaves undivided, linear; 
Yucca, Dracaena. 

3. Strelitzia-form. 

(c) Creeping plants. 

(1) Herbs: Lycopodium clavatum, 

Menyanthes. 

(2) Dwarf shrubs: Arctostaphylus 

uva-ursi, Linnaca. 

(3) Jungermannia-form. 

(d) Land-plants with long, erect, long- 

lived shoots. 

(1) Cushion-plants: Silene acaulis, 

Azorella. 

(2) Undershrubs: 

1. Labiate type: Salvia, Thymus, 

Artemisia. 

2. Acanthus type: Aeanthaceae. 

3. Rhizome-unclershrubs: Vac- 

ciniurn myrtiilus. 

4. Cane-undershrubs: Rubus 

idaeus. 

5. Soft-stemmed plants: Araceae. 

6. Cactus-form: Cactaceae, Sta- 

pelia. 

7. Woody plants with long-lived 

lignified stems, canopy-trees, 
shrubs, dwarf shrubs. 


Drade, 1913 —In broadening his earlier classification into a universal 
system of life-forms, Drude (1913 : 29) has applied the following criteria: 

1. The basic form (tree, shrub, annual or perennial herb), by the organization of which for 

a long period of years, or for a single season of growth, each plant maintains its 
own place. The method of propagation is an essential part of this basic form. 

2. The form and duration of the leaves. 

3. The protective devices of leaf- and flower-shoots during the period of rest. 

4. Position and structure of the organs of absorption. 

5. Flowering and fruiting in relation to reproduction as a single or recurrent process. 
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On this basis, Drude makes three great divisions in which he recognizes 
55 types and many subtypes. 


1. Aerophytes (woody plants, perennial and 
annual herbs). 

1 . Monocotyl tuft-trees : Sabal, Y ucca. 

2. Monocotyl palm shrubs and limes: 

Bactris, Calamus. 

3. Dwarf palms: Nipa. 

4. Tree-ferns and cycads: Cyathea, 

Cycas. 

5. Needle-leaved woody plants. 

6. Dicotyl trees. 

7. Dicotyl shrubs and bushes. 

8. Dicotyl woody lianes. 

9. Mangrove-form. 

10. Lobelia-form. 

11. Tree-grasses: Bambusa. 

12. Smilaceous bushes and lianes: 

Smiiax, Ruscus. 

13. Leafless dicotyl rushwood and 

thorn bushes: Casuarina, Ephe- 
dra, Spartium. 

14. Few-leaved columnar woody plants : 

Adenium, Tumboa. 

15. Stemmed evergreen rosette succu- 

lents: Agave, Sempervivum. 

16. Dicotyl stem succulents : Cactaceae. 

17. Dicotyl dwarf shrubs: Calluna, 

Artemisia, Dryas. 

18. Woody parasites: Loranthus. 

19. Monocotyl giant herbs: Musa, 

Bromelia. 

20. Monocotyl root-climbers: Mons- 

tera. 

21. Rosette ferns and cycads: Aspid- 

ium. 

22. Tuber-stemmed epiphytes: Bulbo- 

phyllum, Myrmecodia. 

23. Perennial and renascent grasses: 

Andropogon, Poa, Carex. 

24. Sedges and rushes with suppressed 

leaves: Juncus, Scirpus. 

25. Erect half-shrubs: Ruta. 

26. Half-shrubs with creeping stems 

or offshoots: Linnaea. 

27. Dicotyl cushion-plants: Raoulia, 

Silene acaulis. 

28. Succulent cushion-plants: Aloe, 

M esembry anthemum . 

29. Biennial and perennial rosettes: 

Pulsatilla, Verbascum. 

30. Renascent and annual climbers: 

Dioscorea, Ipomoea. 

31. Renascent multicipital herbs: Peu- 

cedanum, Galium. 

32. Geophilous rootstock plants: Iris, 

Circaea, Equisetum. 


I. Aerophytes (woody plants, perennial and 

annual herbs) — continued. 

33. Geophilous tuber plants: Orchis, 

Cyclamen. 

34. Geophilous bulb plants: Allium, 

Oxalis. 

35. Monocotyl therophytes : Eragrostis. 

36 . Dicotyl therophytes : Chenopodium . 

37 . D icotyl short-lived herbs : Koenigia . 

38. Saprophytic and parasitic herbs: 

Corallorhiza, Monotropa, 
Cuscuta. 

II. Water plants: 

39. Amphibious slime-rooted plants 

with aerial leaves: Sagittaria, 
Nelumbo, Marsilea, Equisetum. 

40. Amphibious free-swimming plants 

with aerial leaves: Pistia, Eieh- 
hornia. 

41. Amphibious plants rooting on 

stones: Podostemaeeae. 

42. Hydrophytes with rooting axis and 

immersed leaves: Isoetes, Zos- 
tera, Lobelia. 

43. Hydrophytes with rooting axis and 

floating leaves: Potamogeton, 
Nymptoaea. 

44. F r e e-swimming hydrophytes: 
Lemna, Utricularia, Azolla. 

Life forms of mosses and thallophytes: 
A. Aerophytes: 

45. Terrestrial cushion-mosses: Leueo- 

bryum. 

46. Terrestrial tall-stemmed mosses: 

Polytrichum. 

47. Terrestrial and epiphytic mat- 

mosses: Hypnum, Frullania. 
48a. Petrophilous creeping mosses, 
chiefly liverworts: Marchantia, 
Jungermannia. 

485. Petrophilous mat- and cushion- 
mosses : Georgia, Andreaea. 


\/u. 


49, Bog mog&es: Sphagnum. 

50a. Streaming mosses: Fontinalis. 
505. Forming mats in-water: -Aneura, 
Scapania. 

51. Epiph ytic lichen s : UgQea. 

52. Frutic ose"' and fpliose lichens on 

rocks and earth: Cetraria, ITm- 
bilicaria, Cladonia. 

53. Crustose-iichens: Lecanora. 

54. Forms of marine alg ae, g reen algae, 

bluegreen algae," etc. 

55. Forms of saprophytic and para- 

sitic fungi™ 
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Comparison of the systems —The three systems of Raunkiaer, Wanning, 
and Drude differ greatly as to manner of classification, but they are in much 
greater harmony as to the essential basis. Drude, however, constantly uses 
taxonomic criteria, though he is very far indeed from consistent, separating 
monocotyls, dicotyls, and ferns sometimes into distinct types, sometimes into 
subtypes, and then frequently uniting two of them or all three into the same 
type or subtype. Raunkiaer ignores taxonomy altogether and Warming 
practically does the same, with the exception of the thallophytic forms, in 
which taxonomic form and life-form are more or less identical. The treatment 
of aquatics, in which the impress of the habitat is marked, is very different in 
the three cases. Raunkiaer makes helophytes and hydrophytes two types of 
cryptophytes, coordinate with geophytes. Warming treats aquatic plants 
as one of his six main divisions, though he considers them under ecological 
classes or habitat-forms (136), while Drude makes water plants one of his two 
great divisions of flowering plants and recognizes three amphibious and three 
aquatic types. Raunkiaer uses bud-position as the primary criterion for his 
five main groups (all flowering plants and ferns). Warming employs sys- 
tematic criteria for two of his six divisions, ecologic for three, and physiologic 
for one. Land-plants are divided upon the nature of the life-period into 
monocarpic and polycarpic. Drude's first division is ecologic for aerophytes, 
and water-plants, and systematic for mosses and thallophytes. In all three 
systems the types and subtypes are frequently the same, except that Drude 
usually divides the same type or subtype upon the basis of taxonomy. 

The systems of Raunkiaer and Drude are the most unlike, while Warming's 
occupies an intermediate position. Raunkiaer' s classification is much the 
most compact and consistent, probably because he has adhered to one cri- 
terion throughout. Because of this, and because he has given definite names 
to practically every type, it is also much more usable. In fact, its great merit 
lies in the possibility of using it as a sort of climatic index, while the other 
two systems merely classify a great mass of plants in the usual static fashion. 
As Warming points out, Raunkiaer's system has one disadvantage in that it 
fails to take account of the growing season response (1906 : 6) and hence 
applies to the flora and not to the vegetation of a region or country. 

Vegetation-forms. — For our purpose, much the most useful and consistent 
view of life-forms is obtained from a single point of view, that of vegetation. 
The development and structure of vegetation are chiefly a matter of dominants 
and subdominants, and it is the life-forms shown by these which are of 
paramount importance. Hence it becomes desirable to speak of them as 
vegetation-forms, as Drude did originally, following Grisebach and Humboldt. 
For practical purposes, it is undesirable to make a complete classification of 
vegetation-forms and the latter is carried only so far as the demands of indi- 
cator vegetation warrant. 

The dominance of a species depends upon the perfection of its methods of 
increase on the one hand, and upon the success of its vegetative shoots in 
competition on the other. While the latter is partly a matter of length of 
shoot and rate of growth, it is chiefly one of carrying the shoots of one season 
over to the next. A wholly consistent and usable system is possible upon the 
basis of these three processes. It avoids the complexities and uncertain cor- 
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relations introduced by taxonomy and permits a consistent treatment of 
habitat-forms with their more evident factor correlations. It contains the 
essentials of the systems discussed above, inasmuch as Drude states that 
the basic life-forms are trees, shrubs, perennial and annual herbs, Warm- 
ing divides his group of land-plants into monocarpic and polycarpic, while 
Raunkiaer’s largest groups, phanerophytes, cryptophytes, and therophytes, 
practically correspond to woody plants, perennial and annual herbs. In 
giving more or less equal value to the life-period, method of over-wintering, 
and conservation of shoots and success in competition, it appears desirable to 
recognize four coordinate groups, viz, annuals, biennials, herbaceous peren- 
nials, and woody perennials, characterized as follows: 

1. Annuals: Passing the winter or dry season in seed or spore form alone; no propagation 

or accumulation of aerial shoots; living one year. 

2. Biennials: Passing one unfavorable season in the seed or spore form, and the next as a 

propagule; no accumulation of aerial shoots; living two or parts of two years. 

3. Herbaceous perennials: Passing each unfavorable season in both seed or spore and 

propagule form; no accumulation of aerial shoots; living several to many years, 

4. Woody perennials: Passing each unfavorable season as seeds or spores, and aerial shoots 

or masses, often with propagule forms also, especially when injured; living many 

seasons as a rule. 

Each of these divisions is thoroughgoing and all forms of annual habit are 
placed in the first group, whether flowering plants, mosses, or fungi, just as 
perennials are placed in their respective group regardless of their systematic 
position or habitat-form. The varying nature of the four groups makes it 
obviously impossible to employ the same criterion for the division into types. 
For annuals and biennials, the form of the aerial plant body is probably of first 
importance and the size next, while for woody plants height is perhaps most 
decisive, leaf-character next, and form last. While perennial herbs usually 
show the most marked differences in the propagules, the form of the aerial 
shoot is often even more distinctive, and both criteria must be employed as 
occasion warrants. The final result is a simple compact system, closely 
resembling the earlier one of Drude (1896; Pound and Clements, 1900) 
and different but little in essence from that of Raunkiaer. For the 
study of indicators only the major divisions appear to be of value at present, 
and these alone are given in the outline. 

1. Annuals. 6. Cushion-herbs 

2. Biennials. 7. Mat-herbs. 

Herbaceous perennials: 8. Rosette-herbs. 

3. Sod-grasses. 9. Carpet-herbs. 

4. Bunch-grasses. 10. Succulents. 

5. Bush-herbs. 

Indicator significance of vegetation-forms* — It is obvious that the vegeta- 
tion-forms of climax dominants are indicators of climate. This has long been 
recognized as the basis for the climatic zones of continents and mountains* 
The same principle applies to climax formations generally; and these are 
accordingly taken as indicators of the major climates of the globe (Clements, 
1916). This close correlation between the major vegetation-forms and climate 
as expressed in progressively favorable conditions of temperature and moisture 
is paralleled by the succession of vegetation-forms in the development of a 
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Woody perennials. 

11. Half shrubs. 

12. Bushes. 

13. Succulents. 

14. Shrubs. 

15. Trees. 
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climax. In the development of a sere, extreme conditions as to water yield 
to those more and more favorable to growth, and this change is accompanied 
by a sequence of dominants belonging to successively higher vege oation-f o i ms . 
In short, the more striking indicator values of succession are afforded by the 
changes from one vegetation-form to another, just as those next in importance 
are marked by the change from one associes to another of ohe same form. 
Moreover, while the exact significance of any species can be known onl} h} 
determining its functional response to the factors of its habitat, its general 
meaning is indicated by the vegetation-form to which it belongs. 

Raunkiaer (1905, 1908; Smith, 1913: 16) has employed his system of vege- 
tation-forms to determine the climatic relations of a particular flora. lie 
establishes a hypothetical normal spectrum , for the whole earth by selecting 
1,000 representative species, of which 400 were carefully analyzed. T he bio* 
logical or phyto-climatic spectrum of a particular region is obtained by finding 
the percentage of species belonging to each life-form. Raunkiaer s method 
adds interest and detail to the long-accepted relations between climate and 
flora. It can not be applied to vegetation and hence it has no real indicator 
value, as is shown by the author's own statements (1905 : 433) : 

“If w r e consider the flora of Denmark, it is characterized from the botano- 
climatic viewpoint by its hemicryptophyt.es and not by its .phanerophytes, for , 
however important may be the role played by the forests in the vegetation of 
Denmark, the small number of species of phanerophytes is significant of the 
conditions offered by this region: The species of phanerophytes represent but 
6 to 7 per cent of those living in Denmark, while the hemicryptophytes con- 
stitute nearly a half of all the species. 

“But from the standpoint of the formation, the phanerophytes, or frees, 
dominate by their size wherever one finds them. In spite of the inferiority m 
number of the species of phanerophytes to those of hemicrypt oph\ tes or 
cryptophytes, our forests belong to the phanerophytic formations because the 
phanerophytes they contain dominate the other components of the forests. 

HABITAT-FORMS. 

Concept and history. — In addition to the taxonomic form and vegetation - 
form, species exhibit a form which Is much more distinctly related to the 
habitat. These usually bear the clear impress of the latter and hence are 
called habitat-forms. The fuller recognition of their basic importance by 
Warming (1895, 1896 : 116) was largely responsible for the rapid development 
of ecology during the last two decades. Unlike taxonomic forms and vegeta- 
tion-forms, their value is primarily ecological and not floristic, and they are of 
correspondingly greater importance as indicators. Their significance lies in the 
fact that they bear the primary impress of the controlling or limiting factor, 
and thus serve as direct indicators of the critical factors of the habitat. T hey 
are the essential basis of all indicator values, and must be regarded as the 
main objective in ail such studies. 

Warming's system. — Warming (1896 : 116) was the first to adequately 
organize the four universally known groups of habitat-forms, namely, hydro- 
phytes, xerophvtes, halophytes, and mesophytes (cf. Clements, 1904 : 20). 
Pound and Clements (1898: 94; 1900 : 169), feeling the need of recognizing 
light as well as water, divided mesophytes primarily upon the basis of light 


HABITAT-FORMS. 


65 



n 


t 

i 


♦ 


t 

i 

t 


i 

i 

» 


* 


and combined halophytes with xerophytes, thus establishing the following 
six groups: hydrophytes, mesophytes, hylophytes, poophytes, aletophytes, 
and xerophytes. This division of mesophytes retained some idea of life-forms, 
and it was later dropped (1902 : 166; 1907 : 183) for the consistent light 
grouping of mesophytes into heliophyta, sciophyta , and scotophyta , correspond- 
ing essentially to Schouw’s classification into sun, shade, and darkness plants 
(1823 : 166). A detailed classification of habitat-forms was made by Clements 
(1902 : 5-14), in which light, solutes, aeration, and other factors w T ere taken 
into account, but with water-content as the primary basis. The 64 sub- 
divisions were largely successional and physiographic; and this number can 
be greatly reduced if factors alone are considered. This is essentially what 
Warming has done in his most recent grouping of formations (1909 : 136), 
which also represents much the best classification of habitat-forms up to the 
present. His system is as follows: 

A. The soil (in the widest sense) is very wet, and the abundant water is available to the 

plant; the formations are therefore more or less hydrophilous: 

Class 1. Hydrophytes (of formations in water). 

Class 2. Helophytes (of formations in marsh) . 

B. The soil is physiologically dry, i. e., contains water which is available to the plant only 

to a slight extent; the formations are therefore composed essentially of xerophi- 
lous species: 

Class 3. Oxylophytes (of formations on sour (acid) soil). 

Class 4. Psychrophytes (of formations on cold soil). 

Class o. Halophytes (of formations on saline soil). 

C. The soil is physically dry, and its slight power of retaining water determines the vege- 

tation, the climate being of secondary import; the formations are therefore likewise 
xerophilous: 

Class 6. Lithophytes (of formations on rocks). 

Class 7. Psammophytes (of formations on sand and gravel). 

Class 8. Chersophytes (of formations on waste land). 

D. The climate is very dry and decides the character of the vegetation; the properties of 

the soil are dominated by climate; the formations are also xerophilous: 

Class 9, Eremophytes (of formations on desert and steppe). 

Class 10. Psilophytes (of formations on savannah). 

Class 11. Sclerophyllous formations (bush and forest). 

E. The soil is physiologically or physically dry: 

Class 12. Coniferous formations (forest). 

F. Soil and climate favor the development of mesophilous formations: 

Class 13. Mesophytes. 

Modifications of Warming’s system. — In making use of habitat-forms as 
indicators in North American vegetation, a few modifications of the above 
groups are desirable. These are perhaps further warranted by some advance 
in ecological knowledge in the ten years since Warming made the following 
statement concerning habitat-forms (1909 : 133) : 

“When endeavoring to arrange all land-plants, omitting marsh-plants, into 
comprehensive groups, we meet with first some communities that are evidently 
influenced in the main by the physical and chemical characters of the soil 
which determine the amount of water therein; secondly, other communities 
in which extreme climatic conditions and fluctuations, seasonal distribution of 
rain and the like, decide the amount of water in soil and character of vegeta- 
tion. In accordance with these facts, land-plants may be ranged into groups, 
though in a very uncertain manner. The prevailing vagueness intifis group 
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ing is due to the fact that oecology is only in its infancy, and that very few 
detailed investigates of plant-eommunites have 

lished descriptions of vegetation being nearly always “£ a l stand- 

as well as very incomplete and unsatisfactory from an oecologital stand 

point.” 

The terms employed are those suggested by Clements (1902 : 5) and 
adopted by Warming for most of his divisions: 

I. Hydrophytes: Chresard maximum to very high, the soil being water or'covered with 

water; climate usually moist. _ . . . , 

1. Emophytes: Entire plant submerged; no transpiration or fimctional stomaU 

2. Plotophytes: Plant floating, at least the leaves; transpirat.on and iunctimwl 

3. Helo?h“ Slirrl'eTin watot mud; transpiration high andstomata 

on both surfaces, the stem often functioning as a leaf. _ 

II. Mesophytes: Chresard medium, soil moist; climate moist; transpiration high to 

4. Heliopliytes ^ Sun-plants, growing in sunlight or light stronger than 0.10. 

5. Sciophytes: Shade-plants, growing in light less than 0.10. _ 

III. Xerophytes: Chresard low, soil physically or physiologically dry, climate usually dry, 
or various; transpiration low. 

A. Soil physiologically dry, climate various: 

6. Halophytes: Chresard low, due to an excess of sou salts. 

7. Psychrophytes: Chresard low, due to cold soil or to ice. 

S. Oxyphytes: Chresard low, due to lack of oxygen m the soil. 

B. Soil physically dry, climate various: 

9. Lithophytes : Chresard low, due to a rock matrix. 

10. Psammophytes: Chresard low, due to sandy or gravelly soil. 

11*. Chersophytes: Chresard low, due to a rock substratum. 

C. Climate dry and soil physically dry in consequence: 

12. Eremophytes: desert plants, chresard low or lacking much of the year. 

13. Psilophytes: grassland plants (prairie, plains, steppes), chresard low some 

14. Drymophytes: bushes, shrubs, and small trees, mostly sclerophv 11 scrub, chaparral, 

and woodland; chresard low or discontinuous. 

The changes from Warming’s system lie in the subdivision of hydrophytes 
and mesophytes, well-recognized distinctions which Warming himself mums 
use of (18, 165), in the distribution of conifers among helophytes, mesophytes, 
psammophytes, and drymophytes, in the line drawn between desert and 
grassland plants, and in treating the bush-shrub form as primary and the 
division into sclerophyll and deciduous types as secondaiy. 

Indicator value. — Habitat-forms are the most- satisfactory of all indicator- 
forms. This is chiefly because of their obvious response to the. contro ung 
factors which the forester, grazing expert, and others must deal with. I his is 
partly also because they mark out a definite area m which these factors pre- 
vail. ” For all practical purposes in a particular region, habitat-lorms con- 
stitute the ground-work of an indicator system. This is evident when it is 
realized that the fourteen groups comprise all dominants and thus each 
habitat-form has a community value as well. When reinforced by vegetation- 
forms in so far as their significance for climate is known, ana by ecads and 
growth-forms for the more recent or the minor effects of physical factors, 
habitat-forms afford a nearly complete system of indicators for the practical 
application of biology. It is still necessary to interpret some of them with 
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greater accuracy and certainty. This will come about from the quantitative 
study of their physiologic response, permitting the closer correlation of form 
and function, as well as by the increasing use of standard plants as even more 
accurate indicators. 

Habitat-forms can be used to give a general statistical expression to the 
climatic or physiographic conditions of a region, and thus permit comparisons, 
much as Raunkiaer has used vegetation-forms. Their paramount value lies 
in their positive indication of definite local conditions on the basis of known 
correlation with measured factors. It should be noted that the mesophytes 
and the last three groups of xerophytes represent climax habitats and com- 
munities, while the hydrophytes and the first six groups of xerophytes charac- 
terize developmental stages. This is a natural outcome of the fact that the 
climate is controlling as to soil conditions in the former, while the climatic 
control is much reduced or is none at all for the latter. The general correla- 
tion of climax habitat-forms and their most important representatives with 
physical factors is given in Chapter IV, in so far as quantitative results are 
available. 

In a recent paper, Raunkiaer (1916 : 225; cf. Fuller and Bakke, 1918 : 25) 
has sought to express the general relation of plants to climate by a series of 
leaf classes based upon size. Of the latter, he recognizes six kinds as fol- 
lows: leptophyll, 25 sq. mm. ; nanophyll, 9 X 25 sq. mm.; microphyll, 9 2 X 25 
sq. mm. ; mesophyll, 9 3 X 25 sq. mm.; maerophyll, 9 4 X 25 sq. mm.; megaphyll. 
While this classification will serve a useful purpose in drawing the attention 
of ecologists to such relations, it seems quite too subjective for final accep- 
tance. This seems obvious from the author’s difficulties as to compound and 
lobed leaves, and especially from the following statement (1. c., 29) : 

“Originally I multiplied by 10, but the resulting limits between the 'size- 
classes ; did not seem as natural as -when 9 was used. It is easy in the final 
analyses to separate the single classes into the groups of small, medium, and 
large.” 

Thus, wffiile there can be little question that leaf-size often serves as an 
indicator of climate or habitat in some degree, it must be refined by means of 
leaf-number, thickness, structure, outline, and texture, and checked by quan- 
titative studies of factors (cf. E. S. Clements, 1905 : 91). 

Reads. — An ecad is produced by direct and demonstrable adaptation to 
a habitat. It is a habitat-form in the making. The habitat-form, while 
capable of modification within certain limits, has recorded the impress of a 
particular habitat for so long that its general character is fixed and trans- 
mitted. An ecad, though it may show just as striking adaptation, is a recent 
product, and its character is not yet fixed and transmissible. The difference 
between the two is solely one of inheritance, and it seems probable that ecads 
become fixed and pass over into habitat-forms after a long residence in the 
,same habitat. This is indicated by the behavior of alpine dwarfs, some of 
which retain their form when moved to lower altitudes or shifted to wetter 
alpine situations, while others at once change in response to the new condi- 
tions. The former have attained the stability of habitat-forms, the latter are 
ecads. 
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Because of its plastic nature, the ecad is a more exact and sensitave rnd catoi 
than the habitat-form. Its structural change corresponds more nearly to the 
functional response and can be regarded as a measure of i ™dits 
siderable degree. Its growth as well as its form is often characteristic, and its 
inSlrX can leased upon both. One irnique *** ecad 

is that it is produced in abundance m nature, wherever habitats touch, espe 
cially where they recur constantly, as in mountain regions. A pkstic species 
found in two or more habitats regularly shows an ecad corresponding to each. 
similar results are readily obtained by transplanting such species to several 
different habitats. Ecads produced under definite 
light may be grown under control (Clements, 1905 : 157 ,19: 19 )“ d m 
comparison with the natural ones (E. S. Clements, 1905) (P^te 1 ). 

Ecads have been classified and named with reference to habitats, as hylo 
coins, psilocolus, etc. (Clements, 1902 : 17 ; 1904 : 329). It seems p , 

to group and designate them with reference to the controlling factor 
1908 : 263), as water ecads, light ecads, etc. Thus the general classification 
of ecads would necessarily correspond closely to that of habitat-f orms.except 
in xerophytes, where the groups would be fewer. Such a classification woult 
be of little value, however, since it is the relationship of the ecad to a Particu- 
lar species which is significant, as well as the number and kind of ec ads actually 
occurring. A floating species, such as Spargamum angustifolium, forms b 
submerged and amphibious ecads, while Nymphaea polysepala has been seen 
to produce only amphibious ones. A plastic helophyte, such as Ranunculus 
sceleratus, or a mesophyte, such as Achillea millefolium, may give rise 
several ecads. The same species may produce both water and light eca b, 
though as a rule wide a range of adaptation to the one factor is accompan 
by a narrow range for the other. Under control it has been possible to product 
ten distinct water ecads of Ranunculus, but beyond this pomt differences . ^ 
to do chiefly with amount of growth rather than with structure. For t - 
present, it is sufficient to recognize the controlling factor by designating ecads 
as hydrads, xerads, sciads, heliads, halads, etc., and to leave the question of 
a more exact terminology for the future. The importance of ecads in mdicatoi 
work is so great that their recognition can no longer be neglected. 

GROWTH-FORMS. 

TKfatoe.— While it is assumed that all plant forms are referable to the 
immediate or remote action of the habitat, this correlation is least certain tor 
taxonomic forms. Its certainty increases progressively through hte-torms 
and habitat-forms to reach a maximum in growth-forms. W hile W arming m 
particular has used this term in place of life-form and vegetation-form, rhe 
latter have the preference, both hy priority and significance. But growth- 
form is such a desirable term for the immediate quantitative response made 
by a plant to different habitats or conditions that its retention m this sense 
seems well-warranted. As the direct visible response of the plant to physical 
factors, growth affords a more delicate scale of measurements even than the 
ecad. In fact, the latter is only a growth-form in which adaptation as shown 
by a qualitative change of form or structure is more striking than the quanta- 
tative difference in amount of growth. In the case of dwarfing, botn changes 
usually occur together, and the growth-form differs from the ecad only m 
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being the product of the conditions presented by a single season. If these 
continue, the growth-form persists and becomes an ecad characteristic of the 
particular habitats Thus, while the two forms may be measures of the same 
conditions, the one is an indicator of the annual variation, the other of the 
normal condition of the habitat. From the ecological side, it appears that 
growth-forms may become ecads, ecads become habitat-forms, and these 
finally fixed as vegetation-forms. 

Kinds, — Every direct factor exerts an influence upon growth and produces 
corresponding growth-forms. Such factors are water, light, temperature, and 
aeration, and possibly certain solutes. Since all of these are concerned in the 
growth of each plant, it is possible to assign a particular one as the cause of 
any growth-form only when it is the controlling or limiting factor. In the 
majority of cases, the limiting action is evident, as with water in arid and 
semi-arid habitats or dry seasons, light in forests and thicket, temperature in 
high altitudes or latitudes or cold seasons, and aeration in wet areas or seasons. 
Maximum growth results when all four factors are at the optimum for a par- 
ticular species. An apparent exception is afforded by the behavior of many 
species in moderate shade, but their height is usually offset by their slender- 
ness, and the mass growth and dry weight are usually less than in the sun. 
With the optimum growth as the basis, it becomes possible to distinguish 
growth-forms due to the extremes of each factor, as well as to correlate differ- 
ent amounts of growth with known quantities of the limiting factor. In the 
case of water, growth is decreased by both an excess and deficit as a rule, but 
the former seems to operate through reduced aeration and lowered tempera- 
ture. Similarly, growth is diminished by both high and low temperatures, 
but high temperatures act chiefly through the water relation. It is doubtful 
whether full sunshine as light ever inhibits growth, since photosynthetic 
activity decreases with any material reduction in light intensity. While 
many species are taller and more branched in moderate shade, it appears that 
mass growth is at a minimum and often becomes completely impossible with 
the increasing density of forest or thicket. 

As a consequence of the above, it is most practical to distinguish four types 
of growth-forms, based upon the lack of the direct limiting factors, namely, 
those due to insufficient water, to insufficient heat, to shade, and to poor 
aeration. Since growth is primarily quantitative, each species will exhibit a 
series of forms from the optimum to the minimum, corresponding to each 
effective degree of change in the limiting factor. This relation lies at the base 
of ecological response and can only be determined experimentally. Two 
factors may act together in producing a growth-form, as in the ease of alpine 
dwarfs due to drouth and low temperature. One factor may serve to empha- 
size another, as where the drouth of a desert is reinforced by an excess of salts 
in the soil, or it ma*y decrease or counteract the effect of another, as is true of 
shade in arid regions. Finally, all four factors may be concerned causally in 
an effect produced directly by one of them. This is apparently the case in the 
death of sal seedlings in tropical forests, as shown by Hole and Singh (Chap. Ill) . 
The immediate cause is poor aeration, due to the accumulation of soil-water as 
a consequence of lower temperature resulting from shade. 

Indicator relations.— The growth of a species varies from one year to the 
next, and from one habitat to another. It often differs also in different por- 
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Competition-forms. — The amount of a particular factor available for any 
C species or individual is either determined by the habitat alone or by com- 

petition. In the great majority of cases, the major limits are fixed by the 
' habitat, and within these competition determines the amounts available for 

each plant. Indeed, this is probably true of all communities except those 
! ; initial ones in which the individuals are widely scattered. In nearly all cases, 

5 then, a growth-form is due partly to the nature of the habitat and partly to 

the modification of this by competition. The part played by each can be 
determined only by actual experiment or by the comparison of individuals 
growing in the same habitat but in areas with and without competition. 
^ Fortunately, such areas are of sufficient frequence in nature to reveal the 

normal growth-form of the habitat as well as the growth-form due to com- 
petition. A study of the chaparral and strand communities of southern 
California (Clements and Clements, 1916) disclosed an unusually large number 
of such competition-forms, especially among the annuals, as would be expected. 
While competition-forms are probably just as frequent among perennials, 
they are often much less striking. 

As competition may occur in all degrees in accordance with the number 
and density of individuals, so there may be a complete series of forms from 
the normal to the extreme in which the plant never develops beyond the 
seedling stage before it dies. Under somewhat less severe competition, plants 
develop stems and leaves but fail to form flowers and fruit. In the next 
degree, reproduction occurs, but the flowers are single or few, while beyond 
this are more and more perfectly developed forms until the optimum for the 
habitat is reached. Each form is an index to some degree of competition, but 
its exact indicator value is more difficult to determine. This is due largely to 
the fact that competition has as yet received but little attention, especially 
on the experimental side. The view advanced by Clements (1904 : 166; 
1905 : 310; 1907 : 251; 1916 : 72) that competition is purely physical seems 
to be confirmed by recent experiments. While it is perhaps unnecessary to 
rigidly exclude metaphor in connection with competition, it should be recog- 
nized that the experimental results so far obtained show that plants do not 
compete for “room.” Competition has to do only with the direct factors of 
the habitat. W T ater and light are the factors universally concerned, though 
soil-air, nutrients, and heat must also be taken into account in particular 
habitats. In addition, there is often more or less decisive competition between 
*$* the flowers of a community for pollination agents. Furthermore, the course of 

competition may be determined by a deleterious substance, especially a solute, 
which handicaps one species more than another. Such a handicapping influ- 
ence is even more frequently represented by biotic agents, parasitic plants, 
rodents, grazing animals, etc. 

The competition-forms commonly met with are due to competition for 
„ ; water or light, or for both together. There has been no experimental study 

of competition for soil-air or for nutrients, and it is impossible to assert at 
t • present that plants do compete for heat. Studies of germination under differ- 

ent densities of seeding suggest such competition for seedlings at least. No 
; adequate study of competition-forms has been made, and hence it is impossible 

to relate them to definite quantities of water or light. In fact, it seems 
. increasingly probable that the forms resulting from intense competition are 
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due to a lack of both factors, though in different degree. As a consequence, 
competition-forms can at present be used directly only as indicators of the 
general degree of competition. In connection with the habitat-forms or eead, 
they have an indirect value in making it possible to distinguish m indicators 
the direct effect of the habitat as contrasted with the added effect of com- 
petition. 

COMMUNITIES AS INDICATORS. 

Value.— The community as an indicator is a complex of all the preceding 
values ' It derives its primary significance from the dominants, chiefly 
through their life-forms and ecological requirements. It includes the mean- 
ings of the less significant subdominants, and those of the much less important 
secondary species. In short, it is a complete scale upon which all the indica- 
tions of the habitat are written. These values can be obtained only by 
analysis, however, and the latter leads at once to the study of dominants and 
subdominants, both climax and serai. The general principles of the latter 
have already been outlined under the sections on associations^ and succes- 
sional bases. This leaves for consideration the various types of communities 
and the functions and structures they exhibit. 

Kinds of communities.—’ With reference to association alone, three kinds of 
communities may be distinguished, viz, consocial, 1 associal, and mixed. The 
first consists of a single dominant, the second of two or more belonging to the 
samp association or serai stage, and the third of dominants from different 
associations or associes. The basic indicator value of these is deternuned by 
whether they are climax or serai. The consocial community affords the most 
definite indication, while the associal type has the advantage of checking t le 
indications of one dominant by those of the related ones. This is even truer 
in the case of mictia, but the indications are necessarily somewhat confused 
here since one set of dominants is disappearing and the other increasing in 
number and importance. In this connection it is desirable to emphasize the 
fact that serai and climax communities furnish not only indications of existing 
factors and possibilities, but also of past and future ones. Each serai stage 
indicates the preceding stage and its habitat. The dimax forecasts the con- 
sequences of any primary or secondary disturbance in it, and foreshadows the 
effects of climatic changes. As a result, both serve as invaluable indicators 
of the course and outcome of all possible human practices in them, and lend 
themselves to methods of scientific prophecy which can hardly be surpassed. 
A similar relation exists between consocial and associal communities. Wherevei 
a consocies or consociation is found, the related dominants have occurred or 
can occur, at least with the slightest modification of the habitat. Thus, the 
indicator analysis of a community involves not onfy the measurement of 
existing conditions, but especially also a study of the linkage with the other 
communities of the sere or the climax. For indicator research, as m all 
serious ecological studies, any investigation which fails to take full account of 
successional and climax relations is inadequate, and at best can only lead to 
half-truths. 

lTbis term is here used to refer to the community marked by a single dominant, whether con- 
socies or consociation, and associal in a similar sense. Both terms are also used to refer definitely 
to consocies and associes respectively, but the context is usually decisive. 
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The basic correlations of communities may be illustrated by the following 
diagram (fig. 2.): 

Climax Formation. 

society - consociation - association - ecotone - association * consociation - society 

t \ 

socies * consocies - assoeies - subclimax - associes - consocies - socies 
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Fig. 2. — Diagram of the climax and serai communities of the formation. 


Community structures* — In addition to the units themselves, associal and 
consocial communities show general structural features, such as zones, alternes, 
layers, and aspects. These are due primarily to the grouping or appearance 
of the subordinate communities with reference to a particular factor or factor- 
complex, and are of the greatest indicator value. The well-known zonation 
of the hydrosere in and about ponds is the best example of this. Each zone 
not only marks the general factor limits for its proper community, but also a 
distinctive step in the decrease of water-content and the increase of soil-air 
from the extreme conditions in the center. Such a series actually shows on 
the ground the “ before-and-after ” correlation of each stage typical of succession. 
Serai zones may be formed by consocies or associes; in their fullest expression 
the major zones are marked by associes within which occur minor zones con- 
stituted by the consocies in the order of their requirements. The zones of 
high mountains are essentially similar, though they have to do with climax 
associations and consociations. The same zonal structure recurs universally, 
wherever climax or serai communities are grouped about a center of excess or 
deficiency of some factor or group of factors. Zonation is sometimes obscured, 
especially in the dense vegetation of prairies (Plant Succession, 133), but 
it is rarely altogether absent, except in initial communities. 


Alternes. — Alternes are due to the interruption of zonation through any 
cause whatsoever (Clements, 1916 : 115), but they are especially typical 
where disturbed or other successional areas are found. They are frequent 
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in climax areas wherever inequalities of surface structure and so forth occur 
The term alternation is applied to two types of structure, one m w_hu.h _ ■ 
same dominant or subdominant recurs from place to place, the other m which 
two or more alternate over the same area. The first kind js usually h0UU > ! ll ; 
second is typical of associes or associations, and also of soeies and society. 
Recurring alternes are clear-cut indicators of the same set of conditions, ami 
are of the greatest value. Striking examples are found m the burn alternes 
of aspen or lodgepole in the Rocky Mountains. Alternating dominants 01 
subdominants are likewise indicators of their respective habitats. As indi- 
cators, they are naturally less sharply set off from the related dominants, 
but this is compensated by the evidence afforded of the degree of their equiv- 
alence (plate 12, a). 

Layers.— Layers are best known in forests and the term has usually been 
restricted to the subordinate communities in them (Hult, 1881; Clements, 
1916 : 15). With the increasing study of root-systems and their competitive 
relations, it seems desirable to recognize root-layers as well as shoot-layers. 
Our knowledge of the former is still rudimentary, but it is possible that they 
are more general and significant than the well-known layers of woody com- 
munities. It is almost axiomatic that a layer of either type will have a double 
indicator value. It indicates the general equivalence with reference to the 
controlling factor of all the important species in it. Conversely, it denotes 
the dissimilarity of the adjacent layers and marks a certain stage m the 
progressive modification of the controlling factor from its point of maximum. 
Layers also serve to indicate the course of serai development, in that tney nre 
generally absent during the initial stages. They appear during the medial 
stages and usually reach a maximum in the subclimax or climax, often dis- 
appearing in woody communities as they become mature. As a consequence, 
the presence of several layers indicates more or less optimum conditions as lo 

water or light or both (plate 12, b). . . 

Root-layers are regularly determined by water-content, though soil-aii 
and perhaps solutes also must sometimes be taken into account. In saline 
soils they are due to differences in the salt-content acting through its effect 

upon water-content, except where the salts are chemically injurious. As to 

water-content, root layers may be a response to the physical distribution as 
determined by penetration and evaporation, or to the ecological consequences 
of competition. In the great majority of soils, both causes play a part (cr. 
Cannon, 1911; Weaver, 1919). Many communities show a striking correla- 
tion between the demands of the shoot and the root-position. This is often 
expressed in the corresponding development of root and shoot as well. It is 
best exemplified in the desert scrub, in which the tall shrubs are most deeply 
rooted, the undershrubs 7 ess deeply, the perennial herbs still less deeply, while 
the low annuals of the rainy season are rooted only in the first few mehes. 

The obvious relation of shoot-layers is to light, though water-content and 
humidity must sometimes be taken into account also. 1 he best development 
of layers is found in well-lighted forests with a light intensity between 0.1 and 
0.02. The midsummer values are rarely conclusive, however, as the layers 
tend to develop in the order of increasing height, with the result that each 
layer receives the maximum during its period of major activity. Each layer 
thus has two indicator values, one when it is uppermost and another when it 
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has been overtopped by the later layers. This naturally does not hold for the 
primary layer of trees or shrubs and for the highest layer of herbs which 
develops last. The practical value of shoot-layers as indicators is in con- 
nection with the natural reproduction of forests and the selection exerted by 
light upon the tree seedlings of a mixed forest, especially of conifers. 

Aspects. — The character of a community changes with the season. This 
is best shown in prairie where the characteristic subdominants reach their 
maximum at different times, producing three or even four aspects, viz, pre- 
vernal, vernal, estival, and serotinal (Pound and Clements, 1900 : 140). 
Similar aspects occur in the herbaceous layers of forests. The n um ber 
decreases with the altitude and latitude, so that arctic and alpine regions 
usually show but two, spring and summer. The indicator significance of 
aspects is partly a matter of the societies which characterize them, but they 
have a seasonal value as well. This lies in recording the advance of the season 
and in permitting the determination of departures from the normal rate. 
The correlation of this with the behavior of crop-plants and with all processes 
which deal with the renewal or rate of growth each year should have con- 
siderable practical value. Phonological lists suggest these values, but are too 
general and unrelated as a rule to be of much service (Lamb, 1915). 



III. KINDS OF INDICATORS. 

Basis of distinction. — Each plant or community serves as immediate 
indicator of a factor or group of factors. As a consequence, it may also be 
employed to indicate the process or agency which causes or modifies the 
nnrticular factor as well as that in which the factor or habitat is involved. 
When the process is one set up or controlled by man, the planthkewise becomes 
an indicator of practice, and gives direct service in land classification, agr - 
Xre mJL id i forestry The relations of the plant or community -to 
process’ smd practice are direct corollaries of the basic principle that each is 
the best possible measure of the conditions under which it grows. Such 
measures merely require correlation with a particular process or practice to 
sendee. This is the inevitable sequence, whether indicator 
values are the result of actual experience or the outcome of scientific invesjn 
gation. In the latter case, the correlation is merely more detailed or more 
definite. Thus, while they all spring from the basic relation of plant or com- 
munity to habitat, it appears desirable to distinguish indicators with respect 
to the use made of them. On this basis, they may be recognized as factor 
indicators, process indicators, or practice indicators. _ Furthermore, the 
development of the field of paleo-ecology makes it desirable to extaui the 
application of indicator principles to the geological past Ihe sequence^ 
indications is essentially identical, but the results must be inferred from 
present-day investigations, and hence it is desirable to speak of paleic indi- 
cators in this connection. 

FACTOR INDICATORS. 

Basis and kinds.— Every habitat is a complex in which the factors are 
almost inextricably interwoven. Each factor influences every other factor, 
and is in turn affected by it. This relation should never be lost sight ofsince 
it is essential to the proper understanding of every factor indicator. 
theless, some factors are of such paramount importance m the habitat- 
complex that it is desirable to relate the plants to them directly. This is 
particularly true of the direct factors, water, light, temperature, solutes and 
soil-oxygen. The indirect factors, soil, slope, exposure, wind, and altitude, 
can act only through these, but they too may be connected with plants as 
indicators, whenever they exercise a compelling effect upon a direct factor. 

Each factor leaves a distinct impress upon a plant or community m propor- 
tion to its intensity and the plant’s habitual requirements. The plant becomes 
an indicator of a particular factor to the more or less complete exclusion of 
others only when the factor exercises the paramount hunting effect. This is 
regularly the case when it is present in marked excess or deficiency, and hence 
a factor indicator usually denotes one extreme or the other, or a tendency 
toward it. Even in such cases, some at least of the other factors are con- 
cerned in producing the particular intensity of the limiting iactor or are 
themselves affected by it. Consequently, each factor indicator not only 
denotes the controlling or limiting factor, but also a sequence of factors related 
to it either as causes or effects. A hydrophyte indicates deficient aeration as 
well as excessive water-content, while a xerophyte as a rule marks high tem- 
peratures and low humidity as well as low' water-content. In some instances, 
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two or more factors appear to be equally important; and the plant indicates 
all of them. An excellent example of this is seen in alpine plants, where tem- 
perature, water-content, and humidity are of almost equal importance, and 
wind and pressure of much significance. The situation may be taken to 
represent the factor-complex, and such plants may be said to indicate high 
altitudes. 

Quantitative sequences. — It has already been pointed out that practically 
.every species has an optimum habitat, in which it exhibits its typical indicator 
value. Outside the optimum or habitual habitat, it has a narrow range in the 
direction of less favorable conditions for it, and a wider range in that of more 
favorable conditions. The mere presence of a species or even of a community 
can not be taken as evidence of its normal indicator value. Its actual value 
can be determined only by reference to the normal habitat as well as to the 
plants associated with it. It is this which makes dominance of the first 
importance in arriving at indicator results. A plant is dominant only within 
the range of essentially optimum conditions, and its control decreases in both 
directions, but most rapidly toward less favorable ones. The behavior of the 
individual plants is in close accord with these changes in abundance. The 
species has its most typical form where it is dominant, and changes in size and 
form usually furnish clear indications of departures from the optimum habitat 
toward either extreme. Subdominance follows the same rules and has similar 
values, though these are less striking than in the case of the dominants. In 
the tail-grass prairies, the societies often approximate the value of dominants, 
but in woodland and forest they are always strictly subordinate, and their 
indications serve only for a minute analysis of the general conditions of the 
forest. 

In the present condition of quantitative studies, serai and topographic 
sequences must furnish the chief source of the indicator values of dominants 
and subdominants. This will probably always be true to a large degree, but 
the rapid growth of quantitative methods will afford a more detailed basis, 
and one which can be understood in terms of factors as well as of plants. In 
this connection, it must be recognized that a fioristic census has slight value, 
and that accurate results can be obtained only by the use of exact methods 
which have dominance and sequence as their chief objectives. The fioristic 
outlook upon vegetation is a survival of the early days of distributional 
plant-geography, and it must steadily decrease in importance as ecology 
becomes truly quantitative in method and result. 

Climatic and edapMc indicators. — Every factor plays a part in the develop- 
ment of a community as well as in the control of its final condition. In the 
developmental habitats the local conditions, especially those of the soil, are 
paramo un t, while in climax ones the general climatic factors are controlling. 
The local or edaphic conditions find their expression in the serai dominants 
and subdominants, and the communities which they constitute. The wide- 
spread climatic conditions are reflected in the climax formation, associations, 
and societies. As a consequence, it frequently becomes desirable to speak of 
climatic and edaphic indicators. Certain factors, such as water and tem- 
perature, will be represented by both climatic and edaphic indicators. Others, 
such as light, solutes, soil oxygen, are primarily edaphic, while still others, 
such as wind and pressure, may be either local or general. In the use of these 
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terms for indicators, it must be cleanly oaderstoad that the preference to ^ the 
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A. . Ty]>hci alt cm os indicating pools in a salt-marsh, Goshen, California. 

B. Juni perns indicating seepage linos in bids of Mancos shale, Cedar. Cob 
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seems to be no question that they vary considerably in their ability to obtain 
water from the same soil. This is obviously to be explained in part by the 
fact that the roots are not at the same level, and hence not in the same soil 
But there are many cases in which certain species wilt before others, where the 
roots are interwoven in the same soil. As already mentioned, Dosdall (1919) 
has found that Equisetum arvense regularly wilts before Helianthus annum 
and Phaseolus vulgaris when their roots are at the same depth in uniform soil. 
This agrees with results obtained in the field at the Alpine Laboratory with 
uniform gravelly soils, and indicates a considerable difference in the absorbing 
power of native species. This may be due to striking differences in the rate 
of transpiration or of the osmotic pressure of the root-hairs, or it may arise 
from differences in the extent and growth of the roots themselves. As Shull 
(1916 : 27) has suggested, it would appear less under moderate and uniform 
conditions, and it seems likewise that it would be less in evidence with crop 
plants and weeds which grow in fairly uniform root environments. It seems 
clear that this point must receive further investigation. Meanwhile, it is 
necessary to recognize that species of the same local group and habitat do 
wilt at different points, whatever the various causes may be. 

In the endeavor to definitize the significance of water indicators, the primary 
division into hydrophytes, mesophytes, and xerophytes will still have value. 
In addition to the subdivision which Warming has already made of them, 
they will require still further analysis. This will become possible only with 
more exact study of the controlling factors, and especially of the actual water 
use. In fact, the precise meaning of any particular indicator will depend 
wholly upon the latter, and this will involve a readjustment of the relations 
of the main groups. Meanwhile, a keen appreciation of the need for more 
exact methods should not be allowed to obscure the fact that indicators of 
great practical value can still be made available by our present methods of 
ecological observation and instrumentation. 

Light indicators. — In spite of the fact that small differences in light values 
are more readily detected by observation than with water-content, the 
recognition and use of plants as indicators of different light intensities are 
matters of recent development. The forester has long understood the general 
importance of light in the forest, and his tables of tolerance are an indirect 
recognition of indicator values. As long as he was chiefly interested in sil- 
viculture, however, tolerance was a matter of relative growth in the same or 
similar situations. The development of silvics as a phase of ecology directed 
attention more to the factors of the habitat, and led to the use of photometers 
for measuring light intensity. This has made possible the correlation of tables 
of tolerance with measured intensities and the use of the dominants con- 
cerned as direct indicators. Such work has merely been begun, however, and 
much quantitative study will be required before the. general values of tables 
of tolerance can be made exact. Measurements of light intensity have been 
largely confined to forests, but it is clear that light values have considerable 
importance in other communities as well. This is especially true in wood- 
land, scrub, and savannah, but it holds also for grassland, particularly the 
tail-grass prairies. 

Two facts must be taken into account in correlating light indicators with 
measures of light intensity. One of these is the effect of variations in the 
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composition or quality of the light. There can be no question that white light 
is modified in passing through the leaves of the forest canopy, the red and 
blue being absorbed to a larger degree than the green and yellow. In the case 
of conifers practically no light passes through the needles, and the light 
beneath them is white light, which has passed through the openings between 
the needles. In the case of broad-leaved forests, the amount of light entering 
between the leaves decreases with increasing density of the canopy, and that 
modified by transmission through the leaves becomes correspondingly more 
important. In all forests studied by the writer, the light has been essentially 
normal in composition, but there seems no good reason for questioning the 
results of Knuchel (1914; 1915: 90) in beech forests especially. Even here, 
however, his tables and diagram show a somewhat uniform reduction in the 
different parts of the spectrum. Moreover, several facts indicate that the 
actual differences in quality in a beech forest are probably of little importance. 
Photosynthesis takes place almost wholly in the red and blue, which are more 
or less reduced. Furthermore, this function employs but a small part of the 
incident light, and a very serious disturbance of the normal composition 
would be necessary to affect it. Finally, reduction in intensity seems to have 
much greater influence than the change in quality. Forests of Picea engel ~ 
manni suppress the undergrowth even more completely than those of beech, 
in spite of the fact that the composition of the light is practically normal 
(plate 14). 

The significance of light indicators is also complicated by the influence of 
other factors. As already stated, this is the rule for all factors, but it is more 
marked in the case of light than of water. This is partly because light affects 
fewer functions directly, and partly because the modifying influence of water 
upon tolerance has been too much ignored (Plant Succession, 93). It is per- 
fectly clear that the intimate interaction of water and light in competition, 
especially in forests, makes it necessary to take them both into account in 
determining tolerance as well as indicator values. This is true to a much 
smaller extent of nutrients and temperature, but these would have some 
influence wherever they tend to become limiting factors. Furthermore, there 
can be little question that light is usually the controlling factor in tolerance 
wherever the canopy is dosed and that water plays a decisive part only when 
the light intensity is higher and evaporation and competition consequently 
greater. However, actual experimental studies of the respective rdles of the 
two factors, such as those of Fricke (1904), are needed for the various forest 
communities and the different groupings of dominants within them. 

Tolerance has dealt almost wholly with the light relations of forest domi- 
nants (Zon and Graves, 1910). The latter are among the simplest and most 
direct of all light indicators, since they constitute actual experiments in plant- 
ing, natural or otherwise. As indicators they have the same unique value as 
crop plants and, so far as practice is concerned, make the use of less direct- 
indicators and of instruments more or less superfluous. In many cases, 
however, seedlings of a particular dominant or of all the related ones are absent 
from the forest floor, or the forest itself may be represented only by the 
undergrowth or certain elements of it. In such cases, the subdominant shrubs 
and herbs must be employed as indicators. The latter in particular are often 
more sensitive than the trees themselves and hence furnish a more exact scale 
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A. Fragnrin and ThitUdrum, indicators of medium shade in montane forest, Minnehaha, 
Colorado. ^ ^ 

B„ Merle naia sibirica , indicator of deep shade in montane forest, Long’s Peak, Colorado. 
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of indications. The widespread ' occurrence of certain herbaceous societies 
throughout one or more forest associations, or even formations, affords a 
striking opportunity for correlating the light relations for dominants asso- 
ciated under varying conditions as to other factors. The perennial herbs are 
of especial importance in this connection, as the effects of differing light 
intensities are clearly reflected in a variety of ways, in density, form, height, 
flowering, etc. 

In definitizing the use of light indicators, it will be necessary to resort more 
and more to quantitative measurements of responses and factors. The most 
important responses in this connection are photosynthesis and growth. Both 
of these have certain values, and they will be more and more employed in 
combination, as complete and accurate results become necessary. At present, 
however, the determination of photosynthesis and its correlation with light 
is a much simpler and more exact process. As a consequence, the best deter- 
mination of indicator values for light will continue to be initiated by close 
observation of general correspondences, which are first tested by means of 
measurements of intensity and then by studies of photosynthate production. 
It is probable, indeed, that this will give the real light indication without 
recourse to growth responses, but the latter will prove necessary to obtain the 
full indicator value for practical purposes. 

Temperature indicators.— Temperature produces no clear-cut response in 
structure or grouping, and hence its indicators are not readily recognized by 
ol nervation alone, as in the case of water and light. The most obvious response 
to it is growth, but this is affected so profoundly by other factors in nature 
that a primary correlation with temperature is always difficult and usually 
impossible. As a consequence of their striking distributional correlation with 
latitude and altitude, a number of endeavors have been made to classify 
plants with reference to temperature. The most suggestive are the classi- 
fications of A. de Candolle (1874) and Drude (1913 : 154). Both of these are 
based upon general climatic features, and take some account of water as well 
as temperature. While they have more or less interest, their ecological value 
is slight, owing to the almost complete lack of experimental and quantitative 
bases. Moreover, the usefulness of the groups is further reduced by such 
terms as “Etesial-Poikiloiherme-Psychrochimenen.” 

The most notable attempt to correlate flora and fauna with temperature Is 
that of Merriam (1890, 1894, 1898). The laws of temperature control of the 
geographic distribution of plants and animals are stated by him as follows: 

a The northward distribution of terrestrial animals and plants is governed 
by the sum of the positive temperatures for the entire season of growth and 
reproduction, and the southward distribution is governed by the mean tem- 
perature of a brief period during the hottest part of the year.” 

His well-known system of life-zones was established upon the basis afforded 
by these hypotheses. As indicated by his discussion of the Arctic, Hudsonian, 
and Canadian zones (1898 : 54), the life-zones appear to be actually based 
upon the outstanding vegetation zones of the continent, with temperature 
control as a more or less correlated principle. While MerrianTs system has 
been of undoubted service in studies of floristics, its ecological value rests upon 
the extent to which it has followed the natural vegetation zones and climaxes, 
and upon the correlation of these with crops. It can not be regarded as fur- 
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nishing adequate proof of the paramount control of temperature in so far as 
plants are concerned at least. It possesses the disadvantages of every system 
erected upon a single factor, and emphasizes the basic truth that studies of 
causes must be grounded upon experiment, and not merely upon field observa- 
tions and meteorologic data. 

While there can be little or no question that every species has a climatic 
maximum and minimum of temperature, this is known experimentally for 
none of them. What is ordinarily observed in nature is, broadly speaking, 
an optimum to which the plant is more or less confined by the action of com- 
petition, water, and other factors. Theories of temperature control have 
generally failed to realize the unique importance of the period of germination 
and seedling establishment in determining the range and dominance of a 
particular species. There is sufficient experimental evidence in the case of a 
few dominants to suggest that many if not all of them can be extended beyond 
their present northern and southern, as well as their altitudinal limits, by the 
proper control of local conditions during the period of early ecesis. Moreover, 
when the part played by water in many of the effects supposed to be caused 
by temperature is adequately understood, it will be recognized that many of 
the so-called temperature responses must be ascribed to the combined action 
of the two. 

In accordance with the rule, the impress of temperature should be most 
pronounced in climates where it is most extreme. These are arctic and alpine 
regions, and the tropics and subtropics. However, the influence of water is 
also pronounced in the first two, and over much of the other two. The dwarf 
shrubs and perennial herbs of alpine and arctic regions have long been regarded 
as undoubted responses to short seasons and low temperatures. But in the 
case of some alpine plants at least, it is certain that dwarfing is due as much 
or more to water than to temperature (Clements, 1907). It appears highly 
probable that this is true of the dwarfing of trees at timber-line also. In the 
latter case, the non-availability of the water-content is caused by freezing, 
and the dwarfing might well be regarded as due to both the direct and indirect 
action of temperature. A similar relation exists in tropical and subtropical 
deserts, where the actual impress is largely due to water. The latter is pro- 
foundly influenced by temperature, which appears to be in control of dis- 
tribution to considerable degree, especially in the case of succulents (Shreve, 
1911, 1914). 

If some weight be assigned to the indirect action of temperature, a con- 
siderable number of species may be regarded as temperature indicators. 
These are primarily alpine and arctic plants, and the succulents of hot desert 
regions. The trees arid shrubs of the boreal tree limit and of timber-line on 
mountains are similar indicators, and this is true to some degree of those trees 
which become shrubs as they extend downward into the deserts of the South- 
west. The absence of certain life-forms and species as a consequence of frost 
also constitutes a temperature indication of great importance. As a conse- 
quence of the gradual change of temperature with latitude and altitude, 
climax communities serve as the best of temperature indicators. They com- 
bine the responses of both life-form and species on such a large scale that there 
can be little question of the paramount control of temperature where its 
extremes are concerned. Between the latter, climax dominants and com- 
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munities must be regarded as primarily related to water, and hence treated as 
indicators of it. While these doubtless have relations to temperature which 
are susceptible of measurement, they are subordinate, and in our present 
incomplete knowledge can not be regarded as indications of it. 

Indicators of solutes. -“The term solute is used here to indicate any sub- 
stance dissolved in the holard. It may be solid or gaseous, or even liquid. 
The best-known solutes are the mineral salts found in the soil, of which some 
are nutrients, others more or less inactive, and some actually deleterious to 
the plant. Of the gases dissolved in the holard, oxygen and carbon dioxid 
are the most important, but oxygen is the only one which bears a clear rela- 
tion to indicator plants. In addition, there are the debatable toxic exudates 
and soil toxins, the existence of which is in doubt or the relation to the plant 
uncertain. Livingston, who has devoted much attention to this subject 
(1918 : 93), states: 

“Evidence that agricultural plants do actually excrete toxic substances into 
the soil is not very strong in any of this work, however. As to the manner in 
which these poison substances arise in the soil, no definite statements can yet 
be made, but they are surely not excreted as such from plant roots. There 
is physiological evidence, however, that such substances are given off by living 
roots when the latter are practically deprived of oxygen.” 

In so far as indicator plants are concerned, the effects ascribed to toxins 
are much better explained on the basis of an inadequate supply of oxygen. 

The ordinary nutrient salts of the soil rarely leave a distinctive impress 
upon plants, owing to lack of concentration. When the concentration reaches 
a point where absorption is interfered with, the plant makes a definite physio- 
logical and structural response to the saline or alkaline conditions. The 
relation to lime and magnesia is less clear and the indicator impress less 
marked. In the case of deficient aeration, the response is clear, but its expres- 
sion is often limited to physiological and histological features. Since all 
solutes act through water or in conjunction with it, their effects are often 
obscured by the responses to it. This is particularly true of saline indicators, 
which are merely xerophytes of a more or less peculiar type. 

Saline indicators. — The term saline is preferred as the general term for all 
soil conditions in which soil salts occur in excess or a deleterious alkaline salt 
is present. In the West it is practically synonymous with the word alkali, 
and the two are employed interchangeably. Saline indicators are typical of 
sea-shores the world over, but their most striking development is found in the 
arid basins of the interior of continents, such as the Great Basin of North 
America. Practically all the work with them has been done in such regions, 
where the limits set by alkali to agricultural development are of the greatest 
importance. The outstanding studies in this field are those of Hilgard (1906) 
and Kearney (1914), and their respective associates. The work of Hilgard 
touched a large portion of the West, but dealt especially with California; that 
of Kearney and his associates was confined to the Tooele Valley in Utah, but 
it is applicable to the major part of the Great Basin, Both dealt specifically 
with the tolerance of the important dominants, but the work in Utah was 
much more intensive, treating the plant communities in detail, and measuring 
the water-content and salt-content at different depths and in a wide variety 
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of conditions. The indicator values of this classic study were completed by 
Shantz (Clements, 1916 : 233), who brought out the sueeessional relations of 

the various communities (plate 15, a). . ■ 5ndi( .„ tors 

Plants indicate alkali by their presence or absence. The positive indicators 
are the halophytes, which bear a distinctive xerophytic impress, caused pri- 
marily by the decreased chresard in the presence of an excess of salts. Wien 
the relation is chiefly one of concentration, the condition is known as white 
alkali ” This is due to the presence of sodium chloride, sodium sulp la e, 
caldum sulphate, or other salts which possess no directly injurious action. 

Lrbonai produces -block alkali,” which is directly «« to 
the nlant probably through corrosion of the tissues. The latter renders tne 
soil useless^ agriculturally , while the former does not, except when present to 
an excessive degree. Since the three sodium salts often occur together, the 
nknts of Sah soils serve chiefly as indicators of the total concentration, and 
?he significance^ of the “black alkali” can be determined only by chemica 
analysis or crop test. Hilgard (1906 : 535) regards the following species as 
indicators of irreclaimable land when they occur as dominants, unless the 
land is underdrained to remove the excess of salts: Sporobolus 
tichlis svicata, Spirostachys occidentalis, Sahcorma spp., Dondia torreyam, D. 
suffrutesems, Sarcobatus vermiculatus, Frankenia grandijoha campestns, and 
Crma trZllensis. In the Tooele Valley the crop-producing power of sahne 
lands* have been summarized by Kearney « of. (1914 : 414) m the following: 


Community indicators of crop 'production in saline lands. 


Type of vegetation. 


Artemisia tridental a. . . 
Kochia vestita 


Atriplex confer! if olia. 


Sarcobatus-A triplex^ 

Sporobolus-Distiehlis . . . 
Spirostachys-Salicornia, . 


Is land capable of crop-production- 


1 


"Without irrigation. 


With irrigation. 


I 


Yes. 


Precariously in yea^s of rainfall al >ovo 

the normal 

Precariously; conditions rather more 
favorable than on Kochia land . . . 


No.. 


Probably not. , 
No 


Yes. j 

Yes; if alkali can be re- j 
moved. 

Yes; after alkali is re- 
moved. 

Yes; after alkali is removed. 
Possibly; with drainage. 

No. 


lime indicators.— The original plan of giving a concise but compkte 
account of the various views as to the effect ot lime m native vegetation ha, 
necessarily been abandoned by reason of the limitations of space. Coiye- 
quently, it must suffice to point out that the former views of the L^Jeiiu J 
caleiohoby of various species are untenable, and that the effect, usua -J 
ascribed to lime are either due to a complex of factors or to its induce ■ ae ion. 
Sehimper (1903 : 94) has presented the best summary of the arguments y lm h 
support the assumption that lime is a factor of primary importance, but even 
his account reveals the many weaknesses of the theory, lhe latter are c eu J- 
brought out in the following statement: 

“External conditions, however, change with the area. In one area, the 
silica-form, in another the lime-form, is better adapted to local condition*, 
whilst in a third area both forms may be able to maintain themselves m the 
struggle for existence. Accordingly, one and the same species is calciphobous m 
the first area, calciphilous in the second, and indifferent m the third, (p. 1 1 •) 
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One by one the “calciphile” and “calciphobe” species have been found or 
grown in the opposite conditions, until practically no obligate species remain. 
The present situation is well-expressed by Wanning (1909 : 58) : 

“ Recently it has been definitely established that the amount of lime in itself 
in so far as it does not operate physically, can not be the cause of differences in 
the^ flora, for not only can calcicolous plants be cultivated in soil that is poor 
in lime, but silicolous plants, and even bog-mosses, which are regarded as pre- 
eminently calciphobous, can grow vigorously in pure lime-water if the aqueous 
solution be^ otherwise poor in dissolved salts. It has been overlooked that 
nearly all lime soils are rich in soluble mineral substances, and this wealth, 
excludes plants belonging to poorer soils; beyond this the important physical 
characters of calcareous soil, compared with granite soil, come into play.” 

The century-old controversy over the significance of lime has been as 
unscientific as it has been useless. No ecologist questions the influence of 
both the chemical and physical properties of the soil, though there can still be 
much opportunity for disagreement as to their respective importance, where 
observation is the method relied upon. The general employment of quanti- 
tative methods and experiments in the fields would long ago have assigned to 
lime its proper position. Naegeli (1865) was perhaps the first to point out that 
the response to lime was largely a matter of competition, and the validity 0 f 
this explanation has been greatly increased by cultures showing the facultative 
nature of “ealciphile” and “calciphobe” plants. His conclusions were based 
upon observational studies, however, and, like all such work, can only suggest 
working hypotheses for critical field experiment. The following statement 
(Clements, 1913 : 76) seems still an adequate summing-up of the lime problem: 

“To one skeptical as to the influence of lime, the results of the Excursion 
were most interesting. One could not fail to be impressed with the abundant 
evidences of the distributional significance of lime, while he was struck by the 
fact that scarcely a single ‘calciphilous’ or ‘calciphobous’ plant could prove a 
dear title to the term, physiologically. It is useless to add a single line to the 
literary solution of this hoary problem, but the British experience serves to 
emphasize the conviction that nothing but physiological and competition 
studies in the field can hope to lead to a final solution.’ 7 

In the western United States lime has nowhere been found to be a direct 
factor of importance. Neither observation nor experiment has disclosed any 
definite correlation with it, and hence no plants have been found which can be 
regarded as lime indicators. The plants of wet soils which have been con- 
sidered to indicate the absence of lime are dealt with in the next section. 

Aeration indicators.— The effects of wet and acid soils upon plant behavior 
have long constituted a puzzling problem. The leading r6!e in such habitats 
as marshes and bogs has been assigned to various factors, such as acids, bog 
toxins, toxic exudates, the absence of lime, and the lack of oxygen. Probably 
all of these are more or less concerned in the problem, with the exception of 
the .supposed exudates, but the view held here is that the lack of oxygen is the 
cause, and the other conditions, consequences, or concomitants (Clements, 
1916 : 90). The presence of acids and bog toxins is regarded as the direct 
result of the activity of the roots and bog flora under deficient aeration (cf. 
Stoklasa and Ernest, 1909 : 55; Livingston, 1918 : 95). The absence of lime 
is apparently a concomitant of acid production, since the addition of lime to an 
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“8. As Sal seedlings can be successfully grown in water cultures, the injuri- 
ous effect of bad aeration is not due to water as such. This probably explains 
the fact that Sal can grow on the banks of the rivers or even of stagnant lakes, 
in which the water is kept well aerated by exposure to the air or by the pres- 
ence of green aquatic plants.” 


The significance of aeration in field soils has been emphasized by Howard 
(1913 ;7, 10): 


“ Important results have been obtained relating to water-logging and drain- 
age, and it is suggested that these matters are of far greater importance than is 
generally supposed. Even partial water-logging has been shown to reduce the 
wheat crop 50 per cent. It is possible that the so-called indigo disease is the 
consequence of water-logging and a want of cultivation in a wet season, and 
that the best way of dealing with the situation is by improved drainage and 
by a more thorough aeration of the soil. I believe the damage done to land in 
Bihar by water-logging during the monsoon is not even dimly realized. Land 
can be harmed by water-logging when water does not lie on the surface for long 
periods and when water-logging would not even be suspected.” 


Plants may indicate good or bad aeration. The former are naturally of 
little importance as aeration indicators, since their impress is due to some 
other factor or factor-complex. (Aeration indicators proper are correlated 
with a deficiency of soil-oxygen, and are naturally confined to wet soils and 
water, owing to the inverse relation existing between the amount of water and 
of oxygen. They may be conveniently arranged in four groups, based upon 
the kind of response to deficient aeration. In the first two, the species have 
developed adaptations which enable them to live so successfully in swamps 
and bogs that the habit is now obligate for the majority of them. The species 
of swamps regularly possess a special aerating system of air-passages and 
diaphragms, often supplemented by superficial roots and a marked movement 
of the transpiration stream. Such indicators are found typically in Equi - 
setum, J uncus ) Heleocharis , Scirpus , Alisma , Sagittaria , Sparganium , etc. 
Air-passages also occur in some bog-plants, but they are little or not at all 
developed in the shrubby species, such as V actinium, Ledum , Andromeda , 
Kalmia , Empeirum , etc. In most of these, the aeration devices are subordi- 
nate to those designed to conserve the water-supply during drought, especially 
in winter (Gates, 1914). Coville (1911, 1913) has emphasized the importance 
of good aeration for the successful culture of the blueberry, pointing out that 
this is secured in nature by the superficial roots as well as by their position in 
hummocks. It is probable also that mycorhiza plays an important r61e, partly 
in increasing the available nitrogen, and partly also perhaps in directly com- 
pensating for the deficit in oxygen. *. 

The other two groups of aeration indicators consist of plants which grow 
normally in well-aerated soil. Hence they lack special adaptations for aera- 
tion, and consequently serve to indicate a lack of oxygen by their growth or 
distribution. Those which are somewhat tolerant of water-logged and poorly 
aerated soils respond to reduced oxygen content by decreased growth and 
reproduction. Intolerant species drop out, and their reduced number or 
absence serves as an indicator of conditions. Field studies of aeration or 
acidity have been few in the region concerned here. The most important is 
that of Sampson (1912 : 51) in the Wallowa Mountains of northeastern Oregon. ' 
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tit Sto- wUeh are controlled or modified by tod, exposure, or alb- 
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Soil indicators. — Since the soil is the seat of water-content salts oxygen, 
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emphasized by Shantz (1911 : 87) in his indicator studies in eastern Coloiad . 

“Manv of the older settlers in eastern Colorado have moved from s^oit-gniss 

in the East.” 

mone-exnosure indicators.— While slope and exposure are regarded as 
dS toEpllc features, they are so intimately combined on every 
hill and mountain that their separation is undesirable, so far as mdiculras . d . 
concerned at least. Both modify the direct factors, w ?f er I ^ 1 ^ ^ 
light and temperature, and through them nearly all other factoxs oi i . 
habitat Exposure is of the most immediate importance, as it determines tat 
exposition toward^he sun or away from it, but is itself determmed m law 
measure by the angle of slope. Exposure directly aflects the tempeiatmt an ^ 
humidity and through them the water-content, and consequently the nutrients 
and aeration. A northerly exposure also reduces the amount of direct 
but this is perhaps felt only in transpiration. An increase m the angle oi sio, 
has a marked effect in increasing the runoff and correspondingly reduemg tl e 



pH 
H§ i 


CLEMENTS 


fcUWfi: 


;;it c, Nebraska, 
various slope-cxposui c 




FACTOR INDICATORS. 


89 


water-content. Perhaps its most significant effect lies in emphasizing the 
e fleets of exposure toward or away from the sun. Together the two increase 
! emperature and evaporation, and decrease humidity and water-content on 
ad southerly exposures, while they have just the opposite effect on northerly 
ones. In arid regions, the effects upon plants are often most pronounced. 
Succession moves much more rapidly and the climax is reached much sooner 
on the north side, with the result that the communities often differ greatly 
on the north and south slopes of the same hill. Growth usually begins earlier 
on south slopes, but the plants are taller and denser on north ones. The 
indicator differences deal with the presence or absence of various species and 
the corresponding communities, and with the growth and abundance of the 
individuals. Such indications are related primarily to water-content and 
evaporation, though temperature plays a direct r61e of some consequence 
(plate 10, b). 

Alternation in vegetation is largely a matter of slope-exposure (Clements, 
1904 : 165; 1905 : 285; 1907 : 289). Much attention has been given to the 
alternation of dominants and subdominants on different slopes in the rolling 
prairies of Nebraska and the mountains of Colorado. Shantz (1906 : 25) 
hes shown the variation in temperature and light intensity during the day for 
different slopes in the short-grass association at Colorado Springs. Weaver 
• ! 91 7 : 48 ; 191 9) has made a detailed study of the evaporation, water-content, 
temperatures of northeast and southwest slopes in the Palouse region of 
Vi mmiiglon and adjacent Idaho. All the factors agree in showing that the 
-udheriy slopes are much more xerophytic, and readily explain the absence 
ui a large number of species, or their greater abundance on the northerly slopes. 
Spalding (1909 : 43) studied the occurrence of species on two opposite slopes 
in the desert scrub at Tucson. He found that they had 15 perennial species 
in common, while the northeast slope had 24 not found on the southwest, 
and the latter 9 not present on the other. Shreve (1915 : 97, 61) has given a 
dm ailed account of the differences in the vegetation of the Santa Catalina 
Mountains due 1 , to slope-exposure, and in the factors concerned. 

Altitude indicators. — Altitude is not so much an edaphic factor-complex as 
the expression of a specialized climate, of which elevation above the sea-level 
k Ae remote cause. This expression occurs in some degree at all altitudes, 
but im accumulation becomes most striking at the higher ones and especially 
: t b< j vo t h til ><T-line. Because of the close relation between altitude and latitude, 
t hr* net md level of a particular effect, such as timber-line, varies from sea-level 
at the northern tree-limit to 12,000 feet or more in the southern Rocky 
Mountains. As is well known, the direct effect of increased elevation is seen 
In reduced pressure and a correspondingly rarefied atmosphere, which is the 
primary cause of most of the changes. The factor most affected is tempera- 
turn, the rays passing readily through the rarer air during the day, while for 
Use sumo reason radiation is very rapid at night. As a consequence, the soil 
and the air immediately above it may become very warm on a sunny day and 
then drop to freezing at night. On Pike's Peak the surface of the soil may 
;4 tow a temperature of 140° F., while in the air 5 feet above, the temperature 
i* but 70° i\ Probably still more important is the shortness of the growing 
season. The frost-less season is nearly 5 months long at Colorado Springs 
(0,000 feet), while on the top of Pike's Peak (14,100 feet) frost occurs fre- 
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quently throughout the summer. The light changes little in quality or inten- 
sity with the altitude in the Rocky Mountain region generally , though this may 
be due to low humidity. The relative humidity increases, but evaporation 
and transpiration are greater at higher elevations, owing to reduced pressure, 
wind, etc. The annual precipitation rises steadily with altitude, and an increas- 
ing amount of it occurs as snow. The excessive snowfall of subalpine and 
alpine regions accounts for many of their characteristic features and explains 
the generally high water-content. Winds are usually prevailing and force- 
ful, and have both a direct and indirect effect in the dwarfing of trees at 
timber-line. The indicator values associated with high altitudes are primarily 
due to temperature or water, or usually to both acting together. With the 
exception of the wind and snow forms of trees and shrubs, all alpine and sub- 
alpine indicators are related to these factors in the region concerned. 

The sharp changes of climate with altitude produces a corresponding 
sequence of climaxes, which serve as the most outstanding of indicators. 
These are considered in more or less detail in the following chapter. In addi- 
tion, the majority of montane and alpine species have rather definite lower 
and upper limits, and may be used as indicators of altitude, though a cor- 
rection is necessary for those of wide range in latitude. Cockerell (1906 : 861 ) 
has made an analysis of the alpine species of Colorado, based upon Rydberg’s 
Flora of Colorado (1906), which brings out their altitudinal relations clearly, 
and makes it possible to use many of them as altitude indicators for the 
central Rocky Mountains (plate 17). 

Organism indicators— The many basic relations between plants and 
animals make it clear why the plants often serve as definite indicators of 
animals. Animals may also act as indicators of plants, but to a less degree 
and in a less definite manner. In addition, plants regularly serve as indicators 
of such other plants as bear a distinct nutritional relation to them. This is 
particularly true of the fungi and bacteria, of which one of the most striking 
indicator relations, the fairy ring, has already been discussed (p. 12). The 
use of plants as indicators of animals is based upon the relation of food, 
shelter, disturbance, or pollination. In all of these the indications may be very 
definite, a certain plant or community denoting a particular animal, but as a 
rule the relation is necessarily more general In some cases, moreover, the 
relation may be concomitant rather than causal, as in the case of the alpine 
conies and marmots, where the control seems to be rather one of climate than 
of the alpine plants upon which they feed. Furthermore, the indicator rela- 
tion varies from region to region with the range of local occurrence of the 
species concerned. A striking example of this occurs in the relation of the 
kangaroo rat (Dipodomys deserti) to the shrubs about which it makes its 
mounds. In the savannahs of the desert plains it occupies every clump of 
Celtis pallida as its first choice. In the usual desert mixtures of Larrea and 
Prosopis where Celtis is absent, the preference is almost exclusively for 
Prosopis , but when the latter is lacking or has been destroyed by the rats, 
the mounds are made about Larrea . In portions of the Colorado Desert, 
mounds of remarkable size are built about Dalea spinosa, and both Prosopis 
and Larrea are practically ignored. Throughout the desert scrub, one or the 
other of these four genera will be the indicator, depending upon their grouping. 



A. Alpine fir (Abica laxiocarpa) at timber line, showing the dwarfing effect 

of high altitudes, Long’s Peak, Colorado. 

B. An alpine dwarf (. Rydberg ia grand {flora), Pike’s Peak, Colorado. 
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Food and shelter relations are naturally often combined in the same com- 
munity. When they are found in the same species, the indicator value of the 
latter is distinctive. This is not infrequent for mammals and birds, as in the 
case of Neotoma and Yucca or Opuntia in their respective communities, but it 
is best seen in the case of insects. The classic example is afforded by Yucca and 
1‘roimha, but Xyloscopa, Megachile, and other genera of pollinators .furnish 
similar instances, while the host-plants of gall-producing insects exhibit a 
like relation. Such examples are naturally rare among birds, but a close rela- 
tion exists in some cases. Taylor (1912 : 414) has called attention to this in 
the case of Artemisia tridentata and the sage-thrasher, Oreoscoptes montanus, 
and it occurs also between the cylindric opuntias and the cactus wren, Heleo- 
dytes hrunneicapillus, as well as between the giant cactus, Cereus giganteus, 
and the gilded flicker, Colaptes chrysoides (plate 18). 

The indicator relations between plants and animals arising out of the 
disturbances caused by the latter are numerous, and play a large part in the 
study of secondary succession. Among the striking examples are ant-hills, 
rodent burrows, prairie-dog towns, and beaver dams. The indicators of this 
type are considered further in the section on paleic indicators. 

PROCESS INDICATORS. 

Nature. — Process indicators comprise those plants and communities which 
indicate definite processes in the habitat. Such processes may be natural, 
as when they are topographic or climatic, or artificial, when they are the result 
of disturbances due to man. Such a distinction is convenient rather than 
essential, since there is no real difference in the overgrazing due to a herd of 
bison and that caused by a herd of cattle, or in disturbances of the soil pro- 
duced by primitive or civilized man. The latter, however, does cause dis- 
turbances in vastly greater number and on a much greater scale, with the 
result that the majority of process indicators ordinarily encountered are 
related to his activities. While the two have much in common, the more 
vital distinction is based upon the nature of the area, and the vegetational 
development which results (Plant Succession, 33, 60). Primary areas are 
represented by water-bodies, rock, dune-sand, etc., in which extreme condi- 
tions prevail, and a long line of development occurs. Secondary areas are due 
to disturbance by man or animals, or to superficial erosion or deposition. 
The conditions are usually much less extreme for the initial invaders, and the 
development is correspondingly short and simple. Both are alike, however, 
in that the successional development progresses by more or less well-marked 
stages, in which there is a definite relation between the dominants and the 
factors. Each stage or associes thus serves as a community indicator of the 
conditions of the habitat, each consocies as an indicator of smaller habitat 
differences, and each socies of still finer differences. 

Kinds.— Process indicators are grouped primarily upon the nature of the 
process itself. They are all indicators of the successional process in vegeta- 
tion, and hence this relation is taken for granted. The great majority of them 
are concerned with unit successions or seres related to physiographic pro- 
cesses or disturbances, but many of them have to do with climatic processes 
or cycles, as found in potential succession, and in coseres and cliseres. Hence 
it is desirable to distinguish the indicators of primary processes, such as 
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climatic and physiographic cycles, and those of secondary processes such as 
superficial disturbances which result in denudation merely, whether produced 
by man or other agencies. The major secondary processes are fire, lumbering, 
cultivation, grazing, engineering operations which involve cutting or filling, 
irrigation, drainage, and superficial erosion, and deposition due to natural 
agencies. These are all alike in that they initiate secondary seres, but they 
differ sufficiently in detail to be characterized by more or less distinctive 
indicators. This is so true of some that it is possible to distinguish different 
kinds of cultivation, grazing, etc., by means of their indicators. 

Process indicators serve not only to denote the kind of process, as well as 
certain variations in it, but they can also be used to approximate the time of 
origin and the rate of movement. This is the natural outcome of the sequence 
of stages in sere and habitat which marks succession. Moreover, they possess 
the further advantage peculiar to all successional dominants of indicating 
communities and conditions which have preceded, as well as those which are 
to follow, including the final climax. As already indicated, this is often of the 
greatest practical value in enabling one to restore an earlier condition or com* 
munity, to hasten a later one, or to hold the succession in the stage desired. 
Accurate determinations of the rate of progress can be made only by the use— 
of permanent quadrats, but it can often be closely approximated, in woody 
communities especially, by ascertaining the age of the dominants in relation 
to the life-history. 

Fire indicators. — While fire has some points in common with other agencies 
which cause denudation, it differs especially in its action upon the surface 
soil and in the more or less complete destruction of plants and gevmules, as 
well as in the fact that the soil is not actually disturbed. These differences are 
reflected in the large number of indicators either peculiar to it or more typical 
of it than of other processes. Certain vegetation-forms appear to owe their 
character or at least their dominance to fire. This is particularly true of 
scrub, where the form and consequently the dominance are due to the root- 
sprouts produced after fire. This relation is practically universal in the 
Coastal chaparral, and explains the greater massiveness of this association in 
comparison with the other scrub communities. It is general in the Petran 
chaparral and the desert scrub, and is poorly developed only in the Basin 
sagebrush. The response to fire is typical of the subclimax chaparral in Cali- 
fornia and Oregon, as well as of that which occurs in the prairies of the Middle 
West. The bush or scrub type is a characteristic fire indicator in forest cli- 
maxes the world over, and throughout the northern hemisphere it often con- 
sists of the same genera and even species (plate 19, a). 

Fire has played a similar rdie in making certain genera and species of trees 
almost universal indicators of its action. The best known examples are 
found in Populus and Betida. Populus tremuloides and Betula papyri/ era. are 
the characteristic indicators of fire in forest communities throughout boreal 
North America, as well as in many mountain regions. They owe this to their 
ability to form root-sprouts, and the trees often or regularly consist of several 
stems in consequence. In the Old World, corresponding species of the same 
genera play a similar part. A second striking group of indicators is found 
among the conifers, and especially the pines. The latter are characterized 
by cones which may remain dosed upon the branches for many years, but open 
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readily after fire, thus furnishing a large number of seeds for immediate ecesis. 
Three important species of this type occur in western North America, namely, 
lodgepole pine, Pinus contorta , jack pine, P. divaricaia , and knobcone pine, 
P> attenuata. These are all typical fire trees, and form subclimaxes of great 
extent and duration in areas frequently swept by fire (Clements, 1910). In 
the^ Coast forest, Larix occidentals and Pseudotsuga mucronata likewise owe 
their dominance in large measure to fire, though for reasons partly connected 
with their intolerance. 

Among herbaceous plants the number of fire indicators is legion. A large 
number of these are annuals and biennials, but some of the most widespread 
are perennials, such as Epilobium spicatum and Pteris qquilina . They are not 
restricted to flowering plants, but are represented by Pyronema confluens 
; among the fungi, Marchantiar the liverworts,., and Bryum 
argenteum,' and Funaria hygrometrica among the mosses. The most typical 
fire-grass is Agrostis hiemalis, while among the composites, Anaphalis mar - 
gantacea , Achillea millefolium , Arnica cor difolia, Erigeron acris , and species 
of (Jarduus, Senecio , and Solidago are especially important. In severe bums, 
the germules may be largely destroyed, and the resulting subsere shows 
distinct stages of which Agrostis hiemalis is the first community and Epilo- 
binm the second. Very often, however, the dominants of the various stages 
appear during the first two years, and the successional movement consists 
chiefly of the successive dominance of annuals, biennials, perennials, bushes, 
and trees, as they replace or overtop each other. Many of the herbs and 
bushes persist as layers if the shade permits, suggesting that they were origi- 
nally derived from such. In most cases, their continued persistence as societies 
is connected with occasional ground fires. In such instances, the evidence 
furnished by their presence can be checked by means of fire-scars, the age of 
burned seedlings, and the presence of charcoal in the soil. 

Lumbering indicators. — As a general rule, the indicators of lumbering 
operations are of much less importance than those of fire. This is due to the 
fact that the direct evidence afforded by stumps and relict trees is altogether 
conclusive, and that furnished by the herbs and shrubs is superfluous. In 
spite of this, there are not infrequent cases where the clearing has been so 
complete that the usual woody relicts are absent. Many of these are com- 
plicated by fire or cultivation, and some by both. However, in the midst of 
virgin forest, clearings occur in which the evidence as to the agent must be 
sought from the species in possession. In all clearings due to the ax, whether 
the direct evidence is still available or not, many of the dominants are the 
same as in burns. The chief difference in the two communities lies in the 
greater selection exerted by fire, with the result that the dominants are fewer 
in number and more controlling. For the same region, the major dominants 
are the same for both, particularly where fire has followed lumbering, as has 
been the rule. 

Cultivation indicators. — As suggested previously, these might well be called 
indexes rather limn indicators, since they are the consequence of cultivation 
instead of an indication of its possibility. The number of such indicators is 
very large and they vary from one climax to another in accordance with the 
flora. Many of them are introduced weeds, but the majority are submderal 
species derived from the adjacent vegetation. The relative importance of 
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the two elements varies greatly, but the introduced species decrease rapidly 
in number toward the interior as well as upward into mountain ranges. For 
a number of reasons, the prairies and plains exhibit the largest number of 
cultivation indicators, but they occur in all climaxes with the exception of the 
alpine meadow. 

Especial attention has been paid to the subsere originating in fallow and 
abandoned fields, and on timber claims throughout the grassland climax. 
In the more arid portions of this vast region, there have been several waves 
of settlement, coinciding more or less closely with the wet phases of the sum 
spot cycle. These waves have receded during the drought phases of the 
early seventies, the early nineties, and of 1916-1918. However, the recession 
has been less each time, owing largely to better methods of tillage and to the 
diversification of crops. In the drought of 1893-1895, the Niobrara region of 
northeastern Nebraska was nearly depopulated, where to-day there exists 
an assured agricultural practice. As a consequence, also, the belt of abandoned 
fields and farms has moved westward, and the indicators have changed to 
correspond. Many of them occur over much of the region, however, and these 
are still those of greatest importance and almost universal occurrence. A large 
number are annuals, and the pioneers are all annual or biennial. As is typical 
of weeds and subruderals, they occur in dense stands of a single dominant, or 
a mixture of but two or three major dominants (plate 19, b). 

The widespread dominants of the fallow fields of the prairies and plains are 
Salsola and Helianthus , the latter represented by H. annuus in the eastern 
portion, and H. petiolaris in the western. Both genera occur from Montana 
to Texas, but are more abundant southward. Erigeron canadensis is perhaps 
next in importance in fields, while Grindelia , Gutierrezia , and Artemisia 
frigida , though abundant, are of still greater importance in pastures. Core- 
opsis tindoria and Polygonum pennsylvanicum are typical of moister fields in 
the eastern half, while Anogra albicaulis } Oenothera rhombipetala, Eriogonum 
annuum, and Cycloloma platyphyllum characterize fallow areas with more or 
less sandy soil, especially in the West. Other indicators of common occurrence 
are Euphorbia marginata, E. geyeri , Ambrosia artemisifolia , Iva xantkifolia r 
Chenopodium album , Panicum capillare , Eragrostis pectinacea, Cenchrus 
trihuloides , etc. A similar wealth of indicators of fallow or abandoned fields 
is found in California. Eschscholtzia calif ornica is by far the most striking of 
these, though it is less widely distributed than Amsmckia intermedia , Ere - 
mocarpus setigerus y Sisymbrium altissimmn ) Rhaphanus sativus, Brassica 
nigra , Bromus maximus, etc. 

Grazing indicators.— Like the species which indicate cultivation, grazing 
indicators mark disturbance in varying degree. It is likewise necessary to 
distinguish such indicators or indexes from those w r hich denote the kind of 
grazing possible or desirable, and the carrying capacity as measured by number 
of animals. The latter are among the most direct of practice indicators, and 
might well be taken for granted, if their value did not change critically from 
one community to another, or in different portions of the same community. 
There is much less difference in the nutritive value of the ordinary grass 
dominants, for example, than in their palatability, but the latter varies 
greatly wdth the choice possible. 
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. A considerable number of cultivation indicators are also indicators of over- 

' grazing. This is explained by their common relation to disturbance. In the 

case of cultivation, the disturbance is much greater and usually operates in a 
shorter time. The disturbance produced by overgrazing is gradual and 
accumulative, and requires several years or more to attain definite expression. 

! In the case of breaking and tilling in a new region on the plains, the original 

s vegetation is completely or mostly destroyed, and a distinct subsere beginning 

with annuals is initiated. On the other hand, overgrazing changes the com- 
petition relations between the dominants as its primary effect, and the actual 
disturbance of the soil is usually secondary. The grasses and herbs that are 
’ not eaten gradually secure an advantage over the others, and correspondingly 

increase in dominance or importance. In most cases, they are already present 
in the community, but where they are not, their invasion from roadsides or 
other disturbed places into the trampled soil is a simple matter. There are 
in consequence two general types of indicators of overgrazing, i. e., those due 
primarily to the fact that they are not eaten, and those which invade because 
of disturbance. There is naturally no hard-and-fast line between them, as is 
shown in the detailed discussion in Chapter VI (plate 20, a). 

As a consequence of the difference in the successional process, the indicators 
of overgrazing resemble those of old fallow fields, and there are instances in 
which careful scrutiny is needed to distinguish the initial cause. However, 
when trampling has destroyed the control of the dominants and greatly dis- 
turbed the surface soil, as happens frequently in sandy areas, a subsere begin- 
f ning with annuals results. Throughout the grassland climax, there occur 

three overgrazing indicators which outrank all others in importance. These 
f are Gutierrezia sarothrae , Aristida purpurea, and Artemisia frigida . There are 

? many others of great significance, especially among the species of Grindelia , 
Opuntia , Psoralea , Petalostemon , Verbena , Vernonia , Euphorbia , Car duus, 
Solidago , etc., which are discussed in Chapter VI. 

Indicators of irrigation and drainage. — These are related in that they are 
connected primarily with a decisive disturbance in the water relations, though 
l they are more or less opposite in nature. Plants which register the effects of 

irrigation are numerous, and are to be found along every irrigation ditch and 
field. Those which indicate the possibility or desirability of irrigation are less 
definite and have received much less attention. Many of them are of great 
i importance in denoting good soils of sufficient depth, e. g., Artemisia , Prosopis , 

*4 etc., or sufficiently free from alkali, e. g., Artemisia, Atriplex canescens, etc. 

r ‘ The disturbance of the soil in constructing irrigation canals and ditches, 

f; coupled with the abundant water supply, has permitted the development of 

a large and varied plant population along them. This is composed largely of 
\ the weeds of cultivated fields and roadsides, but it also contains many sub- 
1 ruderals developed from the natural communities. Macbride (1916) has made 
an interesting study of the successional changes which occur under irrigation, 
and his results serve to indicate the general indicator value of the dominants. 

Plant communities serve as excellent indicators of the need of drainage, 

1 » as well as of its progress and success. The need for drainage is clearly indi- 

, - cated by the presence of any one of the stages of the hydrosere or oxysere, 

i The latter also indicates the necessity of liming the soil, or employing some 

other method of securing aeration and neutralization. Drainage hastens the 
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movement and reaction of the succession in swamps and bogs, and the later 
serai stages clearly indicate when the successive points have been reached 
at which the area can be used for grazing, forestation, or crop production. 
However, in extensive drainage operations, the areas concerned are put into 
commission so rapidly that the natural communities are destroyed. 

Construction indicators. — Practically all engineering and other construction 
operations in nature disturb the soil, often in a most striking fashion. The 
most common and important are the building of roads and the construction 
of railways and canals. The construction of buildings and similar operations 
belong in the same category, but the effects are usually masked by the sub- 
sequent activities of man. The general relation of engineering operations to 
succession and hence to indicators is best exemplified in the case of a railway 
cut and fill. In addition to the cut and the corresponding fill, there is often a 
dump of new earth on each side of the cut. These three secondary areas for 
succession have much in common, but the loose soil of the dump and the fill 
is invaded much more rapidly than the firm soil of the sloping sides of the 
cut. This difference is even more striking when the track runs through a 
level stretch and the bed is built up from soil scraped out from both sides. 
The moist depressions are readily invaded by the more mobile or vigorous 
species of the original community. The bed is not only more xerophytie, but 
also is disturbed from time to time. Moreover, invasion proceeds along it 
more readily than into it across the depressions which separate it from the 
native community. As a consequence, the bed remains more or less permanently 
in the early stages of succession, which consist of annual and perennial weeds, 
some of which are derived from the native population. The depressions, on 
the other hand, pass more or less rapidly through the usual stages to the climax, 
unless the sere is kept in the subclimax by burning or cutting. Their indiraf ors 
are often of the most exceptional value in regions where the native vegetation 
has been greatly modified or largely destroyed (plate 20, b). 

Roads resemble railways in their general relation to succession and indi- 
cators. This is particularly true of highways in which cutting and filling, 
though less extensive, are as frequent as in the case of railroads. Roadsides 
usually show a typical zonation from the bare trackway to the natural com- 
munity on either side (Clements, 1897 : 9G8). The sequence of zones sum- 
marizes the sueeessional movement, and the. latter is shown in especial detail 
when there are many parallel roads of different ages (Shantz, 1917 ; 19). 
In addition to indicating the disturbance caused by roads, plants may be used 
as indicators in connection with road-building and even in traveling. The 
correlation between certain communities and good roads is as striking ns it is 
gratifying, and in actual travel it is often a matter of much importance to be 
able to determine the character of the road from the vegetation which stretches 
for many miles ahead. During the constant field travel of the past five sum- 
mers, many communities have been recognized to have some value for road 
construction as well as travel, but there are a few of the greatest importance 
and the widest extent. Throughout the mixed prairies, Stvpa generally indi- 
cates good upland roads, Agropyrum, poor lowland ones, while the presence 
of short-grass on the hills and ridges usually means a road made rough by the 
matted roots of Carex. In the sagebrush climax, sagebrush, Artemisia tri- 
deniaia , indicates excellent natural roads, Airi/plex confertifolia , much poorer 
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ones, and Atriplex nuttallii and A. corrugata , very poor ones. Throughout the 
desert scrub, Larrea is an index of good roads, Prosopis of poorer ones, and the 
saline subclimax of the very poorest, except where the presence of sand makes 
some improvement. 

Physiographic indicators. — Plant communities owe their significance as 
indicators of physiography or physiographic processes to the influence of the 
latter upon the direct factors, especially water and solutes. It is clear that the 
indicators of factor-complexes, such as slope-exposure and altitude, have a 
distinct physiographic correlation also. However, the basic relation between 
physiography and indicators is through such processes as erosion and deposi- 
tion which directly control the soil and its water-content. Since physio- 
graphic processes are the universal causes of primary bare areas, their indi- 
cators occur in successional communities that mark the progressive change of 
the area from the initial condition to one of relative stability. As has been 
emphasized elsewhere (Plant Succession, 35), causes other than physiography 
may produce similar bare areas and initiate the same sere, the successional 
movement being due to the reaction of the communities alone, or to this and 
physiographic processes working together. In the great majority of primary 
areas, however, physiographic causes or processes are so important or con- 
trolling that the serai indicators are readily correlated with them and their 
changes. 

The most outstanding and best-known series of indicator communities of 
physiographic processes is that of ponds and lakes. In these, physiography 
is normally the initial cause of the body of water, and deposition the process 
which controls or promotes the serai movement. The primary stages of the 
process are marked by the well-known associes of submerged plants, floating 
plants, reed-swamp, and grassland, or scrub. Pearsall (1917 : 189) has 
recently pointed out that still other associes should be recognized, and these 
would serve as indicators of somewhat smaller changes. Finally, each con- 
socies indicates a more or less definite set of conditions within the associal 
stage. The succession in dunes, sandhills, and blowouts is almost equally 
well known. In these the physiographic processes are very active, and the 
indicators of the different degrees of reaction or stabilization well-marked 
(Cowles, 1899; Gleason, 1907; Pool, 1914). The indicators of sandhills, and 
of river and coastal dunes have received much attention during the studies 
of the past five years. The dominants and serai communities are identical or 
similar throughout the West, except along the Pacific Coast, where a very 
different flora is concerned. During the same period, a special study has been 
made of succession in Bad Lands, and this has permitted the correlation of a 
large number of indicators with erosion and deposition, and the resulting 
differences in water-content and salt-content. Similar though less extensive 
investigations have been made of the indicators of saline bolsons and playas, 
and of the geyser and mud-volcano areas of Yellowstone Park. Finally, the 
serai indicators of cliffs, rock-fields, and gravel-slides have been worked out for 
the central Rocky Mountains in particular (Clements, 1905 : 270; 1916 : 225). 

Climatic indicators. — The value of climax communities as climatic indicators 
has already been emphasized. Formation, association, consociation, and 
society are correlated with different climates or climatic subdivisions, and 
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their general values as indicators are pointed out in the succeeding chapter. 
In addition to this, plants and communities have striking significance as 
indicators of climatic cycles and hence may become of great value in deter- 
mining the proper practices in production for the arid and semi-arid regions of 
the West. The existence of such cycles has been demonstrated beyond a 
doubt by the work of Douglass (1909, 1914), Arctowski (1912), Huntington 
(1914), Kapteyn (1914), and Clements (1916). The relation of climatic cycles 
to succession and hence to indicators has been discussed at some length in 
“Plant Succession,” and an extensive study of the relation of the 11-year 
cycle to grazing and dry-farming has been made during the drought of 1916-1918 
(Clements, 1917, 1918). A complete summary of the relations between cycles 
of rainfall, sun-spots, and tree-growth has recently been made by Douglass 
(3.919), 

Trees and shrubs are the best indicators of minor climatic cycles by virtue 
of the annual record of growth in rings. It is also probable that height-growth 
furnishes a correlated record, but little study has as yet been made of the 
cyclic nature of the latter. It has been found that the height-growth and the 
reproduction of dominant grasses and half shrubs, such as Bouteloua , Agw~ 

' pyrum , Gutierrezia , and Isocoma , show a close correspondence with the rain- 
fall of the dry and wet phases of the sun-spot cycle. It is, moreover, a matter 
of general experience that the canying capacity of the western ranges varies 
100 per cent or more from wet periods to times of drought. Even more 
striking variations in the yield of field crops are shown for similar periods 
(Ball and Rothgeb, 1918 : 49). Since wet phases usually offer the best con- 
ditions for germination and growth, and drought periods the poorest, the 
ecesis of dominants often affords striking indications of climatic phases. This 
is especially well seen in the ecotone between two adjacent communities such 
as grassland and scrub, woodland and sagebrush, or forest and grassland. In 
the majority of cases so far investigated in which a woody dominant is extend- 
ing into another community of smaller water requirements, the annual rings 
indicate its establishment during the wet phase of the cycle. 

The general significance of climatic cycles and of cycle indicators in practice 
is discussed in the next section. Their fundamental value in paleo-ecology 
is dealt with under paleic indicators at the close of the chapter. 

PRACTICE INDICATORS. 

Nature. — Practice indicators are those plants or communities which point 
out the possibility or desirability of a particular practice. This is the original 
as well as the general use of the word “indicator,” and there are good reasons 
for restricting it to this sense, and designating the so-called indicators of 
factors and processes as “indexes.” However, two cogent reasons have 
caused the word indicator to be retained in the general as well as the special 
sense. The first of these is the impossibility of drawing a line between actual 
practices, as in agriculture, and the combination of human practice and 
natural process in forestry and grazing. The second is that the value of an 
indicator for practice rests upon the factor or process which it denotes. 
Furthermore, the term indicator has become so generally understood that it 
would be unfortunate to restrict its meaning, though it has been found con- 
venient to employ “index” as a partial synonym. 
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Ends.— The basic practices concerned in a system of indicators are agri- 
culture, grazing, and forestry. The primary consideration, however, is which 
of these is possible or most desirable in a particular area or region. Since 
successful agriculture brings the largest returns per unit area, ‘the first question 
is whether the land is agricultural. If not, the next question deals with its 
value for forestry or grazing, or for a combination of the two. The methods 
employed in reaching a decision as to the most desirable of the three practices 
constitute land classification, which in a new region at least is to be regarded 
as a practice prerequisite to the others. It is preeminently dependent upon 
plant indicators, as is shown by the first serious endeavor to classify the lands 
of the western United States upon anything approaching a scientific basis 
(Shantz and Aldous, 1917). It is obvious that similar methods, refined by 
quantitative methods and increasing experience, must sooner or later be used 
in all the new regions of the world where maximum economic returns are 
desired. 

In addition to distinguishing areas as primarily agricultural, grazing, or 
forest land, practice indicators serve also to indicate particular types of 
agriculture, grazing, or forestry, as well as to suggest the crop of the greatest 
promise. Thus, in the case of agriculture, indicators may be used to denote 
the greater feasibility of humid, dry, or irrigation farming, or the im portance 
of combining grazing with dry-farming. Where grazing is concerned, the type 
of vegetation not only determines whether cattle, sheep, or goats are prefer- 
able^ or a combination of two or three possible, but it also indicates whether 
the introduction of other dominants is possible or desirable. In similar 
fashion, indicators may be employed to determine the possibility of afforesta- 
tion or reforestation, as well as the most promising dominants for any particu- 
lar region. Finally, practice indicators have more or less value for reclama- 
tion projects and other engineering operations, especially road-building, and 
they are of the first importance for indicating the course and intensity of 
climatic cycles and the modifications of current practice which they demand. 

Because of their direct economic importance, a chapter is devoted to the 
indicators of each of the great basic practices, agriculture, grazing, and 
forestry, respectively. Land classification is considered in the following 
chapter in connection with agriculture, and the relation of climatic cycles to 
optimum production is discussed in connection with each type of practice. 

PALEIC INDICATORS. 

. P^Ieo-ecology.— The significance of paleic indicators rests upon the con- 
viction that ecologic processes were essentially the same during the geological 
past as they are to-day (Clements, 1916 : 279; 1918 : 369). It is assumed 
that the vegetation of the globe was differentiated into climax formations 
corresponding to the primary climates. Such formations possessed a develop- 
ment and structure strictly comparable with that of present-day c lim axes. 
They were divisible into associations, consociations, and societies, and they 
exhibited primary and secondary seres wherever bare areas occurred. The 
control of the direct factors, water, light, temperature, etc., must have been 
just as to-day, and this is equally true of their modification by physiographic 
processes and climatic changes, as well as by the competition and reaction of 
plant communities. Then, as now, the latter furnished food and shelter to the 
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land animals, and these modified plant and community as a result of various 
kinds of distrubanee. The conception of the biome, or biotic social unit, 
seems even clearer for past periods than for the present, owing to the lack of 
confusing detail, especially in the remoter eras. Finally, there is positive 
evidence of the minor climatic cycles, such as the 11-year sun-spot cycle, in 
the rings of fossil trees, and of greater cycles in the coseres of peat-bogs. 
Paleo-eoology is characterized, moreover, by great changes of flora and vege- 
tation such as are unknown for ecology to-day. These are expressed in great 
successions, such as the clisere and eosere, which correspond with the grand 
deformational cycles. 

Nature, of paleic indicators. — -While all the types of indicators now recog- 
nized must have existed in the past, especially if the Recent period is included, 
paleic indicators show one essential difference. This lies in the fact that com- 
munities were but rarely fossilized, and that the community itself must be 
inferred often from the merest fragments of its total population. Fortunately, 
the conception of the community as a complex organism with characteristic 
parts and processes furnishes an adequate method of interpretation. The 
great majority of species not only play a definite r61e in the climax or in its 
development as a dominant, subdominant, or concomitant, but each species 
also bears distinct relations to other species. When its rdle is interpreted in 
the light of its vegetation-form and habitat-form, it can be placed in the 
vegetation with something of the certainty possible in existing communities. 
As a consequence, the indicator values which have been taken for granted in 
all the preceding discussion, namely, the indication of other species, or even a 
whole community or sere by a single dominant or subdominant, play a para- 
mount part in paleo-ecology. The smallest fragment of a fossil may thus be- 
come an indicator of the greatest significance, providing only that its generic 
identification be certain. In the case of plants at least, even this is not 
absolutely necessary if the vegetation-form or habitat-form be sufficiently 
distinctive to determine its habitat, and consequent position in climax or sere. 

The methods of interpretation employed in paleo-ecology have been dis- 
cussed in “Plant Succession” (p. 280), and summarized in a later paper 
(1918 : 371). Because of its importance for the understanding of paleic 
indicators, this summary is quoted in full: 

“The methods by which the ecological results of to-day can be carried back 
into the past have been briefly discussed in ‘Plant Succession ? and it will 
suffice to pass them in review here. For the most part these are methods with 
which the paleontologist is already familiar, since they have to do primarily 
with the translation of facts from the present to the past. The foremost is the 
method of causal sequence , already mentioned, with its basic relation of habitat, 
plant, and animal. This is well illustrated by the occurrence of Stipa in the 
Miocene of Florissant, which indicates not merely the existence of prairie, but 
also, of course, a grassland climate and a grazing population, A similar but 
even more fundamental sequence begins with deformation and passes through 
gradation, climate, and vegetation to exhibit its final effects in the fauna. The 
method of phytogeny which has been the most serviceable of taxonomic tools is 
likewise of great value in the reconstruction of the life-forms and communities 
of the past. It shares with the method of succession the credit of permitting 
us to give more and more detail to the bold outlines of past vegetations and 
vegetation movements. The method of succession is based on the great strides 
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made by the developmental study of vegetation during the last twenty years. 
When successional studies become the rule in zoo-ecology as well, there will 
seem to be no limit to the increasing perfection of detail in picturing the rise 
and fall of past populations and communities. In the case of vegetation, this 
method has already gone so far as to bring conviction that all the essential 
features of successional processes and climax communities as seen to-day 
already existed in the past. 

“As indispensable corollaries of the methods of phylogeny and succession 
are inferences from distribution in space and In time, and from association. 
The former enables us to close many a gap in the fossil record and to fill in the 
areas outlined by the known distribution of dominants. Inference from asso- 
ciation, for example, aided by phylogeny, makes it all but certain that swamps 
of reed-grass, bulrushes, and cattails existed as far back as the Cretaceous, 
though Phragmites is the only one of the three dominants recorded for that 
period. The most recent is the method of cycles , which gives promise of becom- 
ing one of the most important. It is perhaps too soon to insist that cyclic 
processes are universal in time and in space; but the great mass of evidence 
from geology and climatology is matched by an increasing body of facts from 
biological succession.” 

Kinds. — The indicator values of a fossil plant or animal clearly depend 
upon the accuracy of its identification and stratigraphic position. With 
reference to the former, its generic position, together with the vegetation- 
form and habitat-form, is of paramount importance, partly because specific 
determinations are often very uncertain among plants at least, and partly 
because the majority of genera are uniform as to* the ecological type of their 
constituent species. While definite stratigraphic allocation is necessary for 
finer analysis, the assignment of a plant to a particular era or period has much 
value, owing to the fact that many dominant genera persist throughout most 
or all of an era. The indicator value also depends greatly upon whether the 
plants were fossilized in position and hence in their community relations, or 
whether they have been scattered and carried to points more or less remote 
from their home. The distinction between the corresponding deposits, termed 
stases and strates, is discussed at some length in “Plant Succession” ( 291 ). 
Here it will suffice to point out that the water stase as exemplified in peat- 
bogs has nearly the complete indicator values of an existing sere, while those 
of the much more universal strate are usually incomplete and subject to 
interpretation. 

It is evident that fossil plants, and animals also to a lesser degree, may 
serve as Indicators of factors, processes, or practices, in essentially the same 
way that existing species do. Practice indicators are naturally connected 
with the presence of man, and hence are restricted to the Pleistocene and 
Recent periods. Grazing must have been the earliest of these, perhaps reach- 
ing back into the late Pleistocene, but agriculture was relatively well-advanced 
by the time of the Lake-dwellers, and construction, as well as a crude sort of 
forest utilization, was at least begun. Moreover, it must be recognized that, 
while grazing took on some new features as herds came under the control of 
man, it must have existed as a natural process throughout the Tertiary at 
least. In the case of fire, this agency must have begun its modifying influence 
upon vegetation as early as the Paleozoic, but its effect must have greatly 
increased with the differentiation of deciduous forest and grassland in early 
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Tertiary times. It could hardly have become a universal process until the 
pastoral phase became general, and its greatest extension has doubtless taken 
place during the last 1,000 years. The primary processes involved in physio- 
graphic and climatic changes must have had much the same indicators as 
to-day, allowing for the differences in flora during the various eras. While 
such changes seem much greater and more frequent during the geological 
past than to-day, this is almost certainly the result of a short perspective. 
With respect to factor indicators, the plant genera concerned during the 
Cenozoic era were largely those which characterize marked differences m 
water, light, and temperature to-day, and this was particularly true after the 
Miocene. During the earlier eras, the genera were mostly different, but the 

vegetation- and habitat-forms the same. # , . . 

The fragmentary nature of the fossil record makes it necessary to emphasize 
certain existing indicator relations, as well as to employ some not ; needed m act- 
ual vegetation. These are derived from the methods of interpretation already 
discussed. The use of indicators based upon the successional sequence is 
much the same, except that a single dominant or stage must often serve to 
denote the presence of the entire sere. Even this is not so different from 
conditions to-day, since there are many swamps in arid regions especially 
in which the reed-swamp associes is represented by Sdrpus or Typha alone. 
The method of causal sequence furnishes many of the most striking and sig- 
nificant of paleic indicators. Habitat, plant and animal are linked together 
in a fun dam ental cause-and-effect relation, in which each one serves as an 
indicator of the other. The importance of the plant in this relation has 
been emphasized elsewhere. It may be said to have a doubfe lndicatoi 
value, since it indicates the habitat directly by its response, and the animal 
directly by virtue of the control exerted through food and shelter. Thus, 
while there are numerous examples of definite relations between habitat and 
land animals, most of these take the plant community for granted. The 
indicators of cycles comprise both those derived from succession and from 
causal sequence. In fact, they are the indicators of the grand successions 
recorded in the clisere and eosere, and consist chiefly of shifting formations 
and floras. Fossil genera and families often possess great indicator values 
which arise from their phyletic relationships. While phylogeny must long 
remain a field for varied opinions, certain great lines of relationship receive 
increasing recognition, and can be employed with corresponding certainty. 
Thus while Juncus is not recorded until the Eocene, the presence of both 
Car ex and Phragmites in the Cretaceous makes it all but certain that the more 
primitive Juncus was already in existence. In connection with, phylogeny 
and succession, plants may indicate distribution in space and m time as well 

as the presence of associated dominants (Plant Succession, 352). ^ 

Since the field of indicators has been developed wholly with reference to 
plants and with particular application to agriculture, the importance of 
reciprocal indicators has not been recognized. However, in paleo-eeology 
where the body of definite facts is relatively small, it is of the greatest aid to 
secure all possible indications from every fact, and to check these by the 
indications of related facts. Fossil plants and animals constitute the best of 
reciprocal indicators, but topography and climate are often of peat service 
also. When all four can be employed as indicators in a particular period or 
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region, it is possible to reconstruct the biome in much detail and with the 
greatest possible certainty. For example, the geologic evidences of arid 
climates at different periods must be regarded as more or less tentative until 
confirmed by plant or animal indicators of aridity. When both occur, as in 
the Miocene, the chain of evidence is complete. It then becomes possible 
with the aid of the indicator relations discussed here to present a fairly 
detailed and complete picture of the structure and development of the biotic 
climaxes of the past. The general features of this have already been done for 
animals by Osborn (1910), and much progress has been made in doing this for 
the associated plants and animals of the Bad Land horizons of the West. 

Paleie indicators of climates and eycles. — The evidences of past climates 
and climatic changes have been summarized from the geologic, botanic, and 
zooic aspects (Plant Succession, 313). Since plants are the most immediately 
responsive to climatic influences and constitute the best indicators, they are 
chiefly considered here. The grand climates of geologic time are indicated by 
corresponding great floras and faunas, which have served as the basis for the 
division into eras. During each of the latter, climatic differentiation in both 
space and in time has been faithfully reflected in the vegetation, and the com- 
bined effect of climate and vegetation in the fauna. It seems highly probable 
that a considerable differentiation of climates and climaxes took place during 
the Paleophytic era, and that this was increased during the Mesophytic era 
to become the most outstanding feature of the biosphere during the Ceno- 
phytic. Thus, while each era is indicated by a particular climax flora, it also 
exhibits climax formations as indicators of more or less distinct climates, just 
as is the case to-day. While the grand deformation cycles which, produced 
the eras were marked by a changed flora and fauna, the major defor ma tion 
cycles and grand sun-spot cycles are thought to correspond with shiftings of 
climate and vegetation, such as are indicated for the Pleistocene. These have 
to do with climaxes as indicators, and it seems a fair assumption that the 
series of climaxes found in the Pleistocene shiftings likewise occurred in some 
degree in the earlier cliseres of the Mesophytic and Paleophytic eras. The 
constitution of the climaxes during the various eras and their relation to 
climatic cycles is discussed in some detail in “Plant Succession” (356, 406, 
419) and need not be repeated here. 

Paleie indicators of succession.— Apart from the great suecessional move- 
ments involved in the change of floras and the shifting of climaxes, there must 
have been innumerable examples of seres and coseres in every era. Primary 
areas of erosion and deposition were probably more abundant than to-day, 
and primary succession must have been the rule, though secondary seres were 
not unknown. Goseres resulting in the formation of coal or peat have occurred 
repeatedly from the Paleophytic to modem times, while in periods of great 
volcanic activity, such as the Miocene, they were produced by deposits of 
volcanic dust. While each era possessed its particular flora, all the life- 
forms were represented. Thus, while the genera typical of the various serai 
stages during the Paleophytic and Mesophytic are practically all different 
from those of the Cenophytic and to-day, the vegetation-forms and habitat- 
forms are the same or nearly so. With reference to the genera which con- 
stituted the serai dominants and hence served as indicators of habitats and of 
succession, the life-forms have been discussed in “Plant Succession” (pp. 354, 
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405 420") Throughout the major portion of the Cenophytic, the serai genera 
S » the Rn* *ete eintially to - as those ot to-day, sad to,r 
indicator value is readily inferred from existing conditions. 

Plant indicators of anhnals.-The general indicator relations of fossil 
nlants and animals have long been recognized and utilized by paleontologists, 
but chiefly on the animal side. The correlation between the appearance of a 
Effi "angiospermous flora and the evolution of mammals is the most 
nSandins example of this, but the rise of the cursorial ungulates m response 
S ^ expSg grassland climax is hardly less striking Such correlations 
must be^superlatfvely general before the Cenophytic, though the existing 
relations between serai and climax communities and the great groups o 
animals must have had analogies at least during the Mesophytic era. Since 
the larger animals were all totally different, and the dominant genera of 
nlants practically all different likewise, the use of plant and arnmal indicators 
as a basic method in paleo-ecology must be confined chiefly to the Cenophytic 
era for the present. Here, however, it seems to offer great i possibilities, some 
of wSch must wait upon the further study of communities as biotic units 

_ . 1 r n'k/-5. rvr of nlants lU thlS COH“* 



ruction is limited only by our &nowieug« ui , : , 

This is due to the fact that a large number of modern genera of plants have 
existed since the Cretaceous. The evolution of animals has been much more 
ranid and the number of existing genera of mammals, for example which 
reach back to the Eocene is very small. However, among the rodente mid 
where olant correlations are most important, nearly half the families 
fossil geoera. With respect to to birds ajrd rnsecto 
our knowledge is much less complete, but it appears highly probable that 
IvSSes and orders had arisen at least by the Tertiary As a 
consequence becomes possible to scan the rapidly growing hst of plant 
indicators, akd to extend their correlations as far into the past as the recorded 
existence of the genera or related genera permits. 

Animal indicators of plants— The reciprocal relation of plantsand animals 
as indicators, whether as communities or species, greatly extends the > use of 
indicators in geological times. In many horizons, animals have been pre- 
served to a much larger degree than plants, while in some, plant remains are 
entirely lacking. Fossil animals are especially significant in the reconstiuc- 
tion of upland life, since the cursorial forms of the uplands were preserved l 
fairlv laro-e number, while the record of the associated plants is exceedingly 
toenVSy Merger, animals may serve to indicate the presence of 
Ste in regions or in periods where they are not yet.actually found. _ Outside 
of the insects there are few extinct animals in which there is an indicator 
correlation with a single species of plant. On the other hand, the ^rdatam 
of herbivores with plant communities, both climax and seial, 1S Poetically 
universal and they serve to indicate with a high degree of probability the 
development and extension of sedgeland and grassland from the Cretaceous 
to the P Phocene. The general correlation of browsing ungulates with forest 
and scrub, of the earlier types of grazing animals with sedgeland and meadow, 
and of the highly specialized upland types with the ehmax grassland of 
xerophytlc grasses (Osborn, 1910 : 9, 237) is fundamental, and has been used 
to fmlsh the basis for the treatment of the development and structure of 
hi otic communities in the Bad Lands of the West. 


IV. CLIMAX FORMATIONS OF WESTERN NORTH AMERICA. 

Nature.— The vegetation of a continent falls into a number of major 
divisions or units. These are known as plant formations, and are regarded as 
complex but definite organic entities with a characteristic development and 
structure (Plant Succession, 124). They are the product of climate and are 
controlled by it. Each formation is the highest expression of vegetation 
possible under its particular climate, and hence it is also termed a climax. 
As here understood, the formation and climax are identical, and the terms 
are essentially synonymous. For the sake of emphasis as well as of conven- 
ience, however, the two are used together. Hence the same unit may be 
referred to as a climax, a formation, or a climax formation. Since it exhibits 
a development as well as structure, it is further necessary to recognize that the 
successional areas in the great grassland formation, for example, are an inte- 
gral part of the climax, however much they may differ from it. Whatever 
seems inconsistent in this is apparent and not real, since it is a matter of 
common knowledge that the same organism may appear in two or more 
unlike forms, such as the seedling and adult plant, or the larva, chrysalis, 
and butterfly. 

Climaxes owe their character to the controlling species or dominants which 
make them up. These climax dominants belong to the same vegetation- 
form, which represents the highest type possible under the prevailing climate. 
In grassland the climax dominants are all grasses or sedges, in forest they 
are trees, in chaparral, shrubs, and so forth. The exceptions to this rule all 
seem to be merely apparent. They are well illustrated by the so-called 
savannah in which the trees or shrubs are more noticeable than the grasses, 
but the latter are in actual control of the habitat. Moreover, in the prairies 
the dominant grasses may be concealed for much or all of the growing season 
by tall herbs, such as Psoralea , Amorpha , and Solidago. These are called 
subdominants and characterize minor communities subject to the control of 
the grasses. In addition to the climax dominants are the other species which 
mark particular stages in the development of the climax. These are develop- 
mental dominants, and are usually termed successional or serai because of 
their role in the succession or sere which reestablishes the climax on a bare 
area. 

Tests of a climax. — Each climax is regarded as the direct and complete 
expression of its climate. The climate is the cause, the climax the effect. So 
close is this relation that the climax must be regarded as the final test of a 
climate. From the standpoint of vegetation at least, climates are to be recog- 
nized and delimited only by means of climaxes, and not the reverse. No 
matter how complete his equipment of meteorological instruments, the ecologist 
must learn to subordinate his determination of climate to that of the plant if 
his results are to be reliable and usable. The paramount importance of forma- 
tions in indicating climates makes their objective recognition of the first 
importance. In the search for criteria which would permit an objective and 
consistent basis for formations, several guiding principles have become evi- 
dent. The first of these is that the climax dominants must all belong to the 
same great vegetation-form, since this indicates a similar response to climate. 
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The second is that one or more of the dominant species must range throughout 
the formation as a dominant to a larger or smaller degree. The importance 
of this lies in the fact that while no two dominants are exactly alike, those of 
the same formation are so nearly equivalent that the presence of one indicates 
the possibility of others. This is w r ell illustrated by the behavior of Bouteloua 
gracilis , which ranges as a dominant from the Missouri River to California 
and from Saskatchewan to Mexico, While the climate of this vast stretch 
varies greatly in physical or in human terms, the conclusion is unavoidable 
that the extensive areas covered with Bouteloua have the same or a similar 
grassland climate. This obviously permits the application to vegetation of 
the principle that things equal to the same thing are equal to each other. 
This approximate equivalence of dominants receives its best proof in the 
grassland formation, in which the mixed prairie shows Bouteloua gracilis in 
intimate mixtures with Stipa, Agropyrum , Bulbilis , Carex, or Koeleria . The 
third criterion is that the majority of the dominant genera extend through- 
out the formation, though represented by different species. This is well 
exemplified by the chaparral climax, in which Quercus , Prunus, Rhus , Cer- 
cocarpus, and Ceanothus are found in the several associations. A corollary 
of this is that most of the subdominants likewise belong to the same genera, 
as, for example, Astragalus , Erigeron , Psoralea , Petalostemon , Solidago, Erio- 
gonum , and Artemisia in the grassland associations. The fourth criterion is 
developmental or successional and has several aspects. It is seen in the 
behavior of such subclimax dominants as Aristida purpurea , which charac- 
terizes certain types of disturbed areas in all the grassland associations, and 
later yields to the climax dominants of each. It is equally well shown by 
Andropogon scoparius and Bouteloua racemosa , which are subclimax in rough 
areas as well as in meadows to the final dominants of the four most extensive 
grassland associations. Finally, the degree of equivalence of dominants is 
indicated by their mingling but is checked by their successional alternation. 
The position of Andropogon in meadows, Agropyrum and Stipa on slopes, 
Bulbilis and Bouteloua on the crests of the rolling prairies, is not only signifi- 
cant of their physiological and successional relations, but also of their as- 
sociational positions. Andropogon furcatus and scoparius are typical of the 
subclimax prairie of the Mississippi Valley, Stipa and Agropyrum of the climax 
prairies, and Bulbilis and Bouteloua of the still drier plains. 

Structure and development. — By far the greater portion of a climatic region 
is occupied by the climax characteristic of it. But all through it occur areas 
of varying size in which new or denuded soils are available for colonization and 
the development of the climax as a consequence of succession (Plant Succes- 
sion, 3). As a result, every formation shows subdivisions or communities of 
two sorts, namely, climax, and successional or serai. Initial serai communi- 
ties, such as the colonies of water-plants in ponds and streams and of lichens 
and mosses on cliffs and boulders, are readily distinguished from climax ones. 
As succession proceeds, however, the communities more and more nearly 
approach the climax in appearance. In the last analysis, they can be dis- 
tinguished only by the fact that each stage slowly yields to the next until the 
climax is reached, when the succession stops. In many cases where the dis- 
turbance due to fire, grazing, or cultivation is continuous or periodic, the sub- 
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climax may persist for a long period and appear to be a true climax. In the 
great majority of cases, however, the successional movement though slow is 
constant, and there can be no question of the climax, especially when the 
permanent quadrat is employed to reveal changes. 

Each climax formation falls readily into two or more major subdivisions 
known as associations. Toward their edges these blend into each other more 
or less, making a transition area or ecotone. The latter is broad in the case of 
relatively level regions, and narrow in that of the climax zones of mountain 
ranges. The associations have one or more dominants in common, or at least 
belonging to the same genus, and there is a certain degree of similarity as to 
subdominants also. Each association consists of several dominants as a rule, 
though there may sometimes be as many as eight or ten or more, as in scrub 
and chaparral. Each dominant constitutes a consociation. It may occur 
alone, though as a rule it mixes and alternates with the other dominants of 
the same association. This is the direct outcome of the similar requirements 
of the dominants, and hence it is a guiding principle that two or more con- 
sociations are regularly associated in the larger unit. This is emphatically 
true of the associations covering a large area and possessing a rich flora, such 
as prairie, chaparral, and forest. It is less striking in desert associations where 
the dominants are often few, but even in the case of sagebrush and desert 
serub an extensive survey indicates that mixing of dominants is the rule. 
Since no two consociations are exactly equivalent, there are often large areas 
in which a single one occurs, such as the yellow pine in Arizona and the 
Douglas fir in Oregon. Such areas are often due as much to migration and 
successional factors as to differences in climatic requirements (cf. Zon, 1914 : 
124). 

As will be seen later, there are more groupings of consociations than are 
represented by the associations actually named. This is illustrated most 
clearly by the basic association of the grassland climax, the Stipa-Bouteloua 
poion. This association is named from the two most characteristic con- 
sociations, but it contains several dominants, e. g., Stipa comata , Agropyrum 
glaucum , Koeleria cristata , Bouteloua gracilis , Bulbilis dactyloides , Car ex 
filifolia , and C. stenophylla . It seems clear that a community of Stipa and 
Bouteloua, or Agropyrum and Bulbilis , differs in nature and in indicator value 
from one containing most or all of these. When detailed mapping of vegeta- 
tion is undertaken on a large scale, all of these actual groups will demand 
recognition as well as definite names. But for the present, it seems sufficient 
to give names to the association and to each consociation, -while recognizing 
that the former will often be represented by groups containing only two or 
three of the several dominants. 

Societies. — A subdominant is a species which controls an area within that 
of a dominant or group of dominants. The actual community formed by a 
subdominant is called a society. Its exact nature is best seen in forest or 
prairie, where the control of the dominant vegetation-form, tree or grass, is 
complete, though at the same time it permits a secondary control by a domi- 
nating species of a different vegetation-form. Thus the yellow pine consocia- 
tion of Oregon frequently shows a typical layer or society of Purshia tridentata , 
the Douglas fir forest of the Rocky Mountains one of Thalidrum fendleri, and 
the Stipa spariea prairies, mixed societies of Psoralea, Amorpha, and Petalo - 
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demon. The striking feature of a society, that of a control within a control, 
often apparently greater than that of the consociation itself in the case of 
grassland at least, is due to the difference in vegetation-forms and hence in 
ecological requirements. A society may conceivably belong to the same 
vegetation-form as the consociation or association in which it occurs, but such 
cases are practically unknown. Apparent examples of this have all been 
readily referred to successional causes, as where a localized area of Hardeum 
jubatum occurs in prairie, or one of Aristida purpurea on the plains. The 
almost invariable rule is that the society belongs to a vegetation-form of lower 
requirements than that of the consociation. The forest will have societies of 
shrubs, herbs, mosses, etc., the chaparral of undershrubs, grasses, and herbs, 
and the prairie of herbs principally. In this connection, it is especially 
important to recognize that savannahs do not represent tree or shrub societies 
in grassland, but are an incomplete expression of the next stage in succession. 

The degree of control exerted by the society clearly depends upon the life- 
history relations of the dominant and subdominant concerned. This is largely 
a matter of the height and extent of the shoot, but the root also plays a large 
part. In forest the societies of varying rank, from shrub to moss or lichen, 
are wholly and obviously subordinate to the trees. In chaparral tills is also 
true to a large extent, but societies of undershrubs and grasses often play a 
conspicuous part. As to grassland, the societies are frequently much more 
conspicuous than the dominant grasses, and at times they appear to be in 
control. In such cases the control is seasonal. Each subdominant reaches 
a maximum in spring, summer, or fall, when it seems to dominate, but the 
real relations are disclosed at the other seasons. This tendency of societies to 
appear during a particular season further explains the relation of dominants 
to subdominants. They not only make different demands by virtue of their 
vegetation-forms, but these demands are also made at different times. Socie- 
ties exhibit a similar seasonal relation in forest and scrub, in which their time 
of appearance is almost wholly controlled by the dominants. In most cases, 
this relation is so striking that it is possible to distinguish two or more aspects 
during a season, marked by particular societies (Clements, 1905 : 296 ; 1916 : 
132). From the preceding discussion, it is clear that various kinds have 
already been distinguished (Clements, 1916 : 132), and it is highly probable 
that still others will demand recognition as the study of vegetation becomes 
more detailed and accurate. 

The society is not a subdivision of the consociation in the same way that this 
is of the association. The latter consists of its consociations, grouped or 
single; they occupy its total area. The consociation does not consist of 
societies, but the latter merely occur in it or through it to a larger or smaller 
degree. This is readily seen to be due to the basic difference in vegetation- 
forms and to the seasonal nature of societies. As a consequence, a particular 
society may occur not only in two or more different consociations, but also 
in two or more associations of the same formation. It may extend more or 
less continuously over wide stretches, or it may recur as successional processes 
or physical factors determine. A typical example of this is Psoralea tenuiflora , 
which occurs in nearly every association and consociation of the grassland 
climax, while the closely related society of P. argophylla is restricted to the 
prairie associations. Gutierrezia sarothrae forms similar communities of even 
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wider range, but this is probably to be explained by the assumption that it is 
really a subclimax consocies as described below, and persists as an apparent 
society well into the climax. In general, however, the climatic and floristic 
differences between associations are sufficiently marked to restrict each 
society to a particular association. 

When a species exhibits a local or restricted subdominance covering a few 
square yards or a few acres, it constitutes a clan. It is clear that the differ- 
ence between society and clan is merely one of degree. Theoretically , there is a 
point at which they are indistinguishable, but practically very few difficult 
cases have been encountered. The best examples of clans are species of gre- 
garious habit, especially stoloniferous ones, and of low growth. Such clans 
are capable of holding ground very tenaciously, and of slowly extending it, 
but they are able to make only limited headway against the double control 
of dominants and subdominants. Clans are best exemplified by Delphinium 
penardi and Erigeron flagellaris in grassland, and by Pirolci , Goodyera , Heu - 
chera, etc., in forest. 

Names of climax communities. — An endeavor has already been made to 
devise a system of names for plant communities, in which the names would 
be short, significant, and usable, as well as international in character (Clem- 
ents 1916 : 127, 129, 133, 137, 138). Some such system will be indispensable 
as ecology becomes more and more definite in nature as well as international 
in scope. In the present treatise, which is purposely limited to the western 
half of the United States, the technical terms are unnecessary and are used 
only as an occasional convenience. Hence, the practice will be to secure the 
maximum of definiteness consistent with brevity and clearness by uniformly 
distinguishing between associations, consociations, societies, and clans by 
means of the one or two most characteristic genera or species. At the same 
time, an endeavor is made to furnish a somewhat more usable equivalent in 
vernacular terms, in the expectation that these will come into practical use. 
Thus the Stipa-Bouteloua poion will be referred to as the Stipa-Bouteloua 
climax or formation, or as the grassland climax or formation, and the Stipa - 
Koeleria association as the Stipa-Koeleria prairie or true prairie. The alter- 
native terms for the various formations and associations are given in the 
summary on page 114. 

Serai communities. — The limits of space make it impossible to give an ade- 
quate account of the basic process of succession as exhibited in the develop- 
ment of climax formations, and for this the reader must be referred to “Plant 
Succession,” especially Chapters I, V, VI, and VII. Here it must suffice to 
point out that succession is a universal phenomenon by which bare areas 
become colonized by plants and slowly develop through successive stages into 
the climax formation which surrounds them. Bare areas are initially bare, 
as in the case of bodies of water, rock ridges, and fields and sand-dunes, or 
they are denuded of vegetation by various forces, especially fire, lumbering, 
grazing, and cultivation. The course of succession is much longer and slower 
in the former case than in the latter, but the essential features of development 
are the same. Each population or community reacts upon the area or habitat 
in such a way as to make conditions less extreme and correspondingly more 
favorable to species of greater requirements. These enter gradually and 
compete successfully with the occupants, finally driving them out or com- 
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polling them to take a subordinate role. This dominance of the invaders 
marks a new stage in the succession, which persists until its reaction upon the 
habitat permits the invasion of new-comers of still greater demands. This 
process continues until the climax stage is reached, when no further change 
occurs, unless denudation again intervenes to produce a new bare area for 
succession. 

The course of development in each succession or sere is marked by a series 
of stages or communities of progressively higher requirements, determined 
largely by the characteristic vegetation-form. While they differ in nature and 
composition, they are alike in being more or less temporary as well as in playing 
an intrinsic part in the development of the climax. As a consequence, they 
are termed developmental, successional, or serai communities, in contrast 
with the final and permanent climax communities. Apart from this basic 
distinction, a serai community exhibits much the same structure as a climax 
one. Both are associations of two or more dominants, and exhibit societies 
of subdominants. Practically as well as developmental^, however, the dis- 
tinction between temporary and serai communities and permanent climax 
ones is so important that it has proved desirable to use terms which at once 
place each in its proper developmental position. Accordingly, each sera! 
stage or community is termed an associes — i. e it is a temporary or develop- 
mental association. Similarly, the community formed by each dominant is 
called a consocies and that by each subdominant a socies, corresponding 
respectively to consociation and society. In addition, the terms family and 
colony are used for initial stages in which dominance is lacking or little 
developed. The colony is the community formed by two or more pioneer 
species, while the family consists of individuals belonging to a single species. 
The colony is regularly characteristic of the initial stages of succession. 

An associes consists, like an association, of two or more dominants or con- 
socies. The most familiar example is the reed-swamp, which usually com- 
prises three consocies, Scirpus lacustris, Typha latifolia or T, angustifolia , 
and Phragmites communis . In extensive swamps, all of these occur, usually 
alternating or sometimes mixed, and in northern regions with a fourth con- 
socies, Zizania aquatica . Over much of the West, Scirpus and Typha alone 
are found together and in many localized areas only one or the other is present. 
Some socies, such as Heleocharis , Sagitiaria , and Alisma, are practically 
coextensive with the dominants, though not always to be found in each local 
area. Other subdominants are more restricted, and some are more frequently 
associated with one consocies than with the other. Other well-marked 
associes are Nymphaea-Potamogeton in ponds, Ammophila-Elymus on sand- 
dunes, Redfieldia-Muhlenhergia in blow-outs, Spirostachys-Dondia in salt 
marshes, Populus-Betula in burns, and Gutierrezia-Artemisia frigida in dis- 
turbed areas. 

The designation of serai communities is essentially like that of climax 
ones. The associes is distinguished by the use of its two most important 
consocies, as the Scirpus-Typha associes or reed-swamp, while consocies and 
socies are named from the dominant or subdominant, as the Scirpus con- 
socies, Nymphaea consocies, Populus tremuloides consocies, Sagitiaria socies, 
Pentstcmon socies, etc. Colonies are like associes in requiring the names of 
the two most important species for designation. 
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Indicator significance of climax formations —The formation is the greatest 
of all indicators. In its climax form, it not merely indicates but actually 
delimits plant climates. In its developmental stages, it sets a definite mark on 
each successional habitat, and indicates the rate and degree to which these 
approach the final condition. In practical terms, the climax indicates climate, 
and its successional stages indicate soil or edaphic conditions. The climax 
indicates the range of natural and cultural possibilities of a region, the suc- 
cessions point out the possibilities of localized areas and soils. In a particular 
locality the c lim ax denotes the general limits of production, and the seres 
suggest the ways by which maximum production may be reached. Thus, 
while it is necessary to keep the climatic limitations in mind, the concrete 
problem in any region is to utilize the indications furnished by the various 
successions. In the case of agriculture, the facts derived from succession can 
only be indications, since the vegetation is removed. With grazing and 
forestry, however, as well as irrigation, reclamation, and many engineering 
problems, succession itself becomes an instrument by which the desired 
natural crop can be indefinitely maintained, or by which one crop can be sup- 
planted by another. 

As stated in a former chapter, succession is the universal key to the prac- 
tical as well as the technical use of indicators. The stages of a sere are regu- 
larly linked together in such a definite and organic process of development 
that the presence of one serves as a record of those preceding and as a pre- 
diction of those to follow. In every stage lies a record of the past and a 
prophecy of the future. In practice, this means that a sere can be held in 
any stage desired, that its progress can be retarded or accelerated, or that it 
may be destroyed in part or in whole, and a new stage or sere produced. 
Succession thus becomes a tool of the greatest utility wherever natural crops 
are concerned. Even in agriculture, it has considerable value quite apart 
from its indicator significance in meadow and pasture crops and in all those 
where weeds are a serious factor. It is hardly necessary to point out that such 
a use of succession is possible only through a good understanding of its pro- 
cesses. For a complete treatment of this subject, the reader is again referred 
to “Plant Succession.” Here it must suffice to point out the general types 
of succession and to emphasize their indicator significance. 

Significance of succession. — Since succession is the development, or usually 
the redevelopment of the climax in a particular spot, it is clear that the actual 
successions or seres will differ in accordance with the climaxes in which they 
occur. In other words, each sere is an integral part of the development of the 
climax and its indicator value pertains primarily or wholly to that climax. 
As to origin, all seres arise on a bare or on a denuded area. But bare surfaces 
differ profoundly in nature and hence in the kind of plant community which 
they can support. Some, such as rock and water, present extreme conditions 
for plant growth and require a long period of reaction and development before 
an actual soil is formed and land communities can thrive upon them. Other 
areas, such as fallow fields and burns, have well-developed soils into which 
plants can invade immediately. Rock and water are regarded as primary 
areas, while burns, fields, etc., are secondary ones. A primary area shows a 
primary succession or prisere, characterized by extreme conditions as to water- 
content in particular, by a correspondingly slow reaction and soil formation, 
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and by a long series of stages leading very gradually to the climax. Such 
priseres are found in lakes, ponds, and streams, and on rock cliffs, ridges, lava 
flows, and cinder cones. They usually occur also in salt marshes and basins, 
and in shifting dune-sand, both of which regularly afford extreme conditions 
for colonization, in spite of the presence of a soil. A secondary area is one in 
which an existing vegetation has been destroyed or removed without destroy- 
ing the soil. Its water relations are never extreme, and a large number of 
herbs or shrubs can invade in the first few years, often indeed during the first 
year. The secondary succession or subsere which results is short, consists of 
relatively few stages, and passes rapidly into a climax. Subseres are the most 
conspicuous and easily understood of all successions. Since they are largely 
due to human disturbance, they are most abundant in settled regions and 
hence are of the most immediate practical importance. 

The nature of the succession in both priseres and subseres is further deter- 
mined by the water relations of the bare areas. This is best illustrated by the 
prisere, which may begin in water or on rock. In the first case, the reactions 
of the successive communities are chiefly concerned with reducing the amount 
of water and increasing the amount of solid material. In the second case just 
the reverse is true. The amount of water is increased and the rock is broken 
down into actual soil. The one begins with submerged aquatics of the highest 
water requirements, the other with the rock lichens of the lowest water 
requirements. The former is called a hydrosere, the latter a xerosere. Sub- 
seres are similarly divided, since they regularly begin in conditions wetter or 
drier than the final climax. It is further desirable, especially for indicator 
purposes, to recognize hydroseres in which the lack of oxygen is a critical 
factor, and xeroseres in which the abundance of alkali or the instability of the 
sand is decisive. For the sake of convenience, these are called respectively 
oxysere, halosere, and psammosere (Clements, 1916 : 182). 

Indicator value of disturbed areas.— As has already been suggested, the most 
usable of all successions are subseres, which occur typically in areas disturbed 
by man or as a result of his activities. Even a relatively new country, such 
as ours, has been the seat of widespread and almost universal disturbance. 
Arable lands have been cleared, broken, cultivated, permitted to lie fallow or 
to “go back.” Forests have been lumbered, burned, or grazed, while grass- 
lands and deserts have been constantly grazed and burned. Even in the most 
inaccessible parts of the West it is difficult to find wholly primitive conditions, 
even though by comparison most of the vegetation may fairly be called natural. 
As a consequence, practically all regions show many areas of disturbance 
marked by secondary successions. These furnish an enormous amount of 
indicator material, which only needs interpretation in the light of successional 
knowledge to be of the greatest practical importance. Every burn, every 
clearing, every pasture or open range, each fallow field, irrigation ditch, 
roadside, or railway fill or cut, in fact every place of whatever size from a 
square foot to a township, in which the soil has been disturbed or removed, 
has indicator evidence of value to offer. Indeed, the problem is often to find 
primitive areas for determining the original conditions of the vegetation and 
thus permitting a proper correlation of the subsere. As long ago as 1898, a 
systematic search was made in several counties of eastern Nebraska for 
prairie that had never been pastured or mowed. Only an insignificant rocky 


GENERAL RELATIONS. 


113 


triangle of a few yards was discovered. Even areas which were mowed but 
unpastured were very rare and of small extent. If it were not for the unin- 
tentional protection afforded by fencing railroad right-of-ways, it would often 
be impossible to determine the original vegetation of many regions. The 
appreciation of this fact has led to the development of a method which has 
been of the utmost value during the last five years in reconstructing the 
primitive vegetation of regions where it has been greatly modified or almost 
entirely displaced. This method has yielded surprising results throughout 
grassland, sagebrush, and desert scrub, but its most striking success has been 
in the great interior valleys of California, where ruderal grasses have almost 
undisputed sway. The constant examination of fenced right-of-ways and 
other chance protected areas the past three years has confirmed the theoretical 
assumption that this was formerly a vast Stipa association. This determina- 
tion of the original climax might well seem to be without practical importance, 
but it is actually of the greatest value in indicating the proper method and 
the objectives in restoring overgrazed areas to their normal productiveness, 
as is shown in detail in Chapter VI. 

The relation of the subsere to the climax is so definite and organic that, 
once established for a single locality, it can be extended to all others where 
the subsere occurs. Obviously the reverse is true also, namely, that a particu- 
lar climax will exhibit the same subsere wherever similar or identical dis- 
turbances occur. This same organic correlation applies likewise to the prisere. 
The succession in water, on rock, or in sandhills is essentially the same through- 
out the vast area of the grassland formation, for example. The relation 
between climax and prisere once established, it is possible to predict the 
climax from the prisere or the prisere from the climax wherever either is 
absent. There is also a close correlation between subsere and prisere, espe- 
cially in the later stages, and it is further possible to anticipate the effect of 
disturbance in a region where the prisere is present, or to prophesy the course 
of the slowly moving prisere from that of the subsere. When it is clearly 
recognized that practically all human activities in nature result in disturbed 
areas, the correlations between climax, subsere, and prisere will be seen to be 
of the greatest practical importance. 

Summary of the climax formations— In presenting a sketch of the climax 
formations as a background against which indicator values may stand out 
more clearly, the treament is purposely limited to the western half of the 
country. This is chiefly for the reason that indicator values are greatest in 
newer regions, but partly also because the climax relations are simpler and 
hence more certain. For this reason the prairie is the most eastern associa- 
tion considered, though this necessarily involves occasional reference to the 
deciduous climax. It is also recognized that some of the western climaxes 
are not confined to the United States, but occur also in Canada and Mexico. 
Our knowledge of vegetation and especially of succession in these countries 
is so scanty that only occasional reference to them is warranted. 

The following outline will serve to show the climax formations and their 
associations, and will also serve as a guide to the discussion of each in its 
proper sequence. The treatment of each formation and association is neces- 
sarily brief, as the primary object is not a detailed account of the vegetation, 
but only such as will serve the general purposes of indicator studies. This 
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account is based chiefly upon the special investigations of the last six years, 
since these were undertaken for the express purpose of determining the 
structure and development of the climaxes and them indicator values. These 
have been supplemented by the earlier work from 1896 to 1912, and by the 
results of the writer’s associates and students. 

1 . The Grassland Climax: Sti pa-B outeloua Formation. 

1. True Prairie: Stipa-Koeleria Association. 

2*. Subclimax Prairie: Andropogon Associes. 

3. Mixed Prairie: Stipa-Bouteloua Association. . 

4 ’ Short-grass Plains: Bulbilis-Bouteloua Association. 

5. Desert Plains: Aristida-Bouteloua Association. ^ 

6*. Bunch-grass Prairie: Agropyrum-Stipa Association. 

2. The Sagebrush Climax: Atriplex-Artemisia Formation. 

1, Basin Sagebrush: Atriplex-Artemisia Association. 

2. Coastal Sagebrush: Salvia- Artemisia Association. 

3. The Desert Scrub Climax: Larrea-Prosopis Formation. 

1. Eastern Desert Scrub: Larrea-Flourensia Association. 

2. Western Desert Scrub: Larrea-Franseria Association, 

4. The Chaparral Climax: Quercus-Ceanothus Formation. _ 

1 Petran Chaparral: Cercocarpus-Quercus Association. 

2. Subclimax Chaparral: Rhus-Quercus Associes. 

3. Coastal Chaparral: Adenostoma-Ceanothus Association. 

3 The Woodland Climax: Pinus-Juniperus Formation. < # 

1 Pinon-cedar Woodland: Pinus-Juniperus Association. 

2. Oak-cedar Woodland: Quercus-Juniperus Association. 

3. Pine-oak Woodland: Pinus-Quereus Association. 

6. The Montane Forest Climax: Pinus-Pseudotsuga Formation. 

1. Petran Montane Forest: Pinus-Pseudotsuga Association. 

2 Sierran Montane Forest: Pious Association. 

7 The Coast Forest Climax: Thuja-Tsuga Formation.^ 

1. Ccdar-hemlock Forest: Thuja-Tsuga Association. 

2. Larch-pine Forest: Larix-Pinus Association. 

5. The Subalpine Forest CUmax: Picea- Abies Formation. _ 

1 petran Subalpine Forest: Picea- Abies Association. 

2*. Sierran Subalpine Forest: Pinus-Tsuga Association. 

9. The Alpine Meadow Climax: Carex-Poa Formation. ^ 

1. Petran Alpine Meadow: Carex-Poa Association. 

2. Sierran Alpine Meadow: Carex-Agrostis Association. 

the grassland climax. 

STIPA-BOUTELOUA FORMATION. 

General relations —The grassland is much the most extensive of all the 
western formations. It ranges from central Saskatchewan and Alberta m the 
north to the highlands of central Mexico on the south, and in its subchmax 
form at least from Illinois on the east to California on the west. Irom i s 
great extent geographically and climatically, a question naturally arises as to 
its unitv. It may at once be said that any division of the vegetation of the 
North American continent into major units would include this as one of the 
most outstanding. The real question is not so much as to its unity as to 
whether it should be called a formation or not. The study of vegetation is 
still in such a stage that each ecologist will answer as his experience and 
insight make possible. In attempting to arrive at a basic and subjective 
concept founded upon development as the only real guide to relationship, it 
seemed best to employ the term formation for the major unit of vegetation, 
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as usage was coming to do more and more (Plant Succession, 124), and to use 
association for the major subdivision, a relation likewise warranted by usage 
as well as by the action of the Brussels Congress. Whatever the final solution 
of this matter may be, there would seem to be no doubt that the grassland is a 
major unit, coordinate with deciduous forest, sagebrush, chaparral, etc. 

When we turn to the internal proof of the unity of the grassland climax, 
the evidence is more complete. In the first analysis of the grassland, Pound 
and Clements (1898 : 243, 1900 : 347) recognized two prairie formations, 
viz, the prairie-grass and buffalo-grass formation, a bunch-grass formation 
of the sandhills, and a meadow formation. In the light of successional studies, 
the last two are to be regarded as subclimaxes. In a few years (Clements, 
1902) it had become clear that the buffalo-grass or Bulbilis-Bouteloua forma- 
tion and the prairie-grass or Stipa-A gropyrum formation were the two great 
communities of the prairie-plains region. This was essentially the view of 
Shantz (1906, 1911) and of Pool (1914). This conception was still main- 
tained in “Plant Succession” (180 : cf. note) after many additional years of 
successional research. However, the developmental concept of the formation 
had broadened its scope and afforded a clearer view of its structure. As 
a consequence of a special study of these relations, it became necessary to 
abandon the view of two separate grassland formations, and to recognize a 
single formation composed of several associations. Meanwhile, it had become 
increasingly evident that the Agropyrum spicatum consociation of the North- 
west was closely related to the Stipa-Agropyrum prairie (Weaver, 1917 : 40). 
This was first suggested by frequently finding the three dominants associated 
in the field work of 1914 from Washington to Montana. It was confirmed 
in 1917, but the true relationship was obscure until it became certain in 
1918 that Stipa setigera and S. eminens were the original bunch-grasses of 
California. As a consequence, it proved possible to recognize a fourth grass- 
land association, composed of bunch-grasses and characteristic of the Pacific, 
region of winter precipitation. 

Unity of the grassland. — The conclusion that the grassland is a single great 
climax formation is based in the first place on the fact that the three most' 
important dominants, Stipa, Agropyrum , and Bouteloua, extend over most 
of the area, and one or the other is present in practically every association 
of it. This would seem the most conclusive evidence possible, short of actual 
vegetation experiments, that the grassland is a climatic vegetation unit. 
Equally cogent is the fact that these dominants, together with Carex , Bui- 
bilis, and Koeleria, mix and alternate in various groupings throughout the 
Stipa-Bouteloua association. Indeed, this association appears so conclusive 
as to the general formational equivalence of these seven dominants that it is 
regarded as the typical or base association. In addition, the characteristic 
societies either extend through several of the associations or are represented 
by corresponding communities belonging to the same genus. The relation of 
the associations to such subclimax species as Andropogon scoparius, Cala - 
movilfa longifolia, Arisiida purpurea , and Elymus siianion further confirms 
the relationship of the dominants. The most obvious difference between the 
various associations are exhibited by the tail-grass prairies, Stipa-Koeleria 
poium, and the short-grass plains, Bulbilis-Bouteloua poium . Yet these are 
closely related, as shown not only by the criteria given above, but also by their 
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geographical contact. Still more eloquent is the fact that overgrazing favors 
Bouteloua and Bulbilis at the expense of Stipa and Agropyrum, and thus 
frequently converts the base association of Stipa-Bouteloua into a pure short- 
grass cover. Concrete evidence of this has been obtained in widely separated 
areas and has led to the working hypothesis that a pure short-grass cover is 
partly if not largely a response to grazing animals. The evidence for this is 
discussed in Chapter VI. 

Correlation with climate.— The apparent objection to the view of the grass- 
land advanced here is that the climates of Saskatchewan, Nebraska, Arizona, 
and California, for example, are vastly different, and hence the same climax 
can not exist in all of them. This objection is partly met by the fact that it is 
impossible to speak of the climate of Arizona or California m particular, since 
even from the human viewpoint each shows several climates. _ The conclusive 
answer, however, is that the objection is based upon a definition expressed m 
human terms or in physical measures. The everyday conception of climate 
emphasizes temperature, especially the extremes, and rainfall. It ignores 
water relations very largely and in particular the compensating r61e of water- 
content. Humanly, the Palouse region of Washington and the prairies of 
Kansas possess distinct climates, but in terms of wheat production and grass- 
land vegetation they are very similar. Likewise, the wmter m Saskatchewan 
is long and the summer short, while in Texas just the reverse is true. Butthe 
short growth period of Bouteloua gracilis fits into the short summer of Saskat- 
chewan as readily as it does into the early summer of Texas, with the result 
that this dominant covers large areas in both. _ . 

Examples of this sort can be multiplied almost indefinitely to pxove tmt m 
the study of vegetation the plant must be taken as the best if not ohe only 
judge of climate. However sympathetic one may be with the use of physical 
factor instruments, he can not afford to minimize the unique importance of 
the plant for the analysis of climates. To do otherwise is to substitute human 
judgment for plant judgment in the plant’s own field. _ Hence, m the cone a- 
tion of vegetation and climate, it has seemed imperative to determine at the 
outset and at first hand just where each formation or association is found. 
The next step is to accept the judgment of the formation as final, and to 
regard the climatic region as identical with the area of the formation, this 
done, it at once becomes possible to correlate climate and vegetation by means 
of phytometers and permanent, quadrats, and to check the correlations m 
some degree by means of physical instruments. 

Use of weather records.— The tendency to approach the problem by_ the 
use of weather records and floristic reports is almost irresistible, especially 
in view of the time and effort involved in obtaining an adequate first-hand 
knowledge of climaxes. However, the latter not only seems indispensable, 
from the vantage ground of a continuous study of the problem, but its para- 
mount importance seems to be showm also by the endeavors to correlate an 
unkn own vegetation with imperfect records of climate. The most interesting 
attempts have been those of Merriam (1898) and Transeau (1905), par. y 
because they have endeavored to determine the limits of vegetational zones 
by means of climatic lines. In so far as Merriam’s life-zones dealt with natural 
vegetation, they are necessarily unsatisfactory, since temperature is far less 
critical than water for native species. 
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Fig. 3. — Monthly and total rainfall for representative localities in the various 
associations of the grassland climax. 

As a botanist, Transeau properly emphasized the water relations, employing 
the percentages found by dividing the mean annual rainfall by the depth of 
evaporation. The unavoidable errors due to the imperfection of the record 
(Livingston, 1913 : 272) are so great, however, that his results only served to 
emphasize the well-known fact that in North America forest yields to prairie, 
prairie to plains, and plains to desert from east to west, as rainfall decreases 
and evaporation increases. Probably the author did not intend that his 
climatic lines should be taken for the limits of vegetation units, but such an 
outcome was unavoidable. In referring to Transeau’s work, Waller (1918 : 49, 
59) says; 
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“The map makes an acceptable working basis for outlining the vegetation 
of the North American continent and remains still the best climatic chart that 
has been published on forest and prairie distribution. 

It will suffice to point out that no climatic chart, no matter how accurate, 
can hope to outline the vegetation of North America, rhe formations and 
associations can never be outlined except as a result of pamstakmg recon- 
naisance and survey, after which alone will it be possible to determine the 
coincidence or correlation of the lines showing climatic factors or ratios. The 
very general relation of the 60 per cent line of Transeau to the one-hundredth 
meridian and the course of the upper Missouri River has led to the feeling 
that this is the most important line climatically and vegetationally mljA 
America. It would seem that even the existence and location of this line must 
be regarded as purely tentative at the present time. As to its vegetations, 
value, it can be stated unreservedly, after crossmg and recrossing it repeatedly 
from Saskatchewan to Texas during the past six years, that it does not eiask 
While there can be no question of the interest and stimulus to be derived fiom 
“ trying on” all sorts of climatic correlations, this is certain to be unfoitunate 
if it does not lead to the conviction that causal relations between vegetation 
and climate can only be discovered after we know exactly where plant com- 
munities are and what they are doing. With this must also go a realization 
of the fact that climax climates necessarily fall into subclimaxes, that a 
climate may vary greatly and inconsistently within itself, that the ^nabons 
of one climate during a climatic cycle may be greater than the difference 
between contiguous climates, and, finally, that it is the cn ^ ic ^ 
climate which count most, and not its averages or sums It must be xuoie 
fully understood that the growing season is the critical time for the _v art 
majority of species, and that some parts of this are more critical than othen. 
Furthermore, we must make more adequate use of our knowledge that plants 
stand better conditions much more complacently than they do worse ones 

(fig- 3). 

Relationship of associations.— The associations of the formation exhibit 
relationships which may be considered from various angles. Geogiapluea y, 
they are grouped in the Great Plains with a narrow interrupted band stretch- 
ing across the north to the Pa, louse region of Washington, Idaho, and Oregon 
and a broader one at the south, reaching through New Mexico and Arizona 
almost to California. Both of these connect the bunch-grass association with 
the Great Plains mass. Climatically, the Andropogon subchmax is the wettest 
with a rainfall of 30 to 40 inches, largely as summer ram, and the short-^ass 
and the bunch-grass associations driest, with 10 to 20 inches. _ In the hotter 
regions, where evaporation is great, such as Texas and California, the efficiency 
ofan £ch of rainfall is naturally less. These are merely general corrdation 
which apply to the mass and not to its limits. In view of the ecological 
requirements of grasses, the most suggestive correlation is ^th the lme of 
70 per cent of the annual precipitation occurring between April landSeptem 
ber 30 (fig. 4). With the exception of the winter rainfall region of the Pacm 
Coast, the general agreement as to limits is good. There 
evident correlation as to temperature or altitude, as is well ^strated by the 
range of Bouteloua gracilis from Mexico to Saskatchewan, and from 3,000 to 

9,000 feet. 
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Floristic relations. — The floristie relationship of the associations is evident. 
Of the five great dominant genera, Stipa, Agropyrum, Bouteloua, Aristida, 
and Koeleria, all occur throughout the formation, though Bouteloua is rare in 
the Coast region and Stipa in the southeast. Each of these is represented by 
a species of peculiarly wide range, namely, Stipa comata, Agropyrum glaucum, 
Bouteloua gracilis, Aristida purpurea, and Koeleria cristata, all of which occur 
from Saskatchewan to Texas, California, and British Columbia or Alberta. 
With the exception of Koeleria, which is monotypic as well as the least impor- 
tant of the five, each genus has one or more corresponding species in different 
portions of the area. Thus Stipa comata as a dominant is largely replaced in 



Fig. 4. — Map showing the percentage of annual precipitation between April 1 and 
September 30. After the U. S. Weather Bureau. 


the Missouri Valley by S. spartea and in California by S. setigera and S, 
eminens. Agropyrum glaucum yields almost wholly to A. spicatum in Idaho, 
Oregon, and Washington. In southern Texas, New Mexico and Arizona, and 
in Mexico, Bouteloua gracilis gives way largely to B. eriopoda , B. hirsuta , 
B, rothrockii , and B. bromoides, while Aristida purpurea is represented for the 
most part by A. divaricata , A . calif ornica, and A. arizonica. Of the ten most 
important subclimax dominants, such as Andropogon scoparius, Bouteloua 
racemosa , Sporobolus airoides , Stipa viridula , etc., all but one or two are found 
from Canada to Texas and California. 

A similar relationship is shown by the climax subdominants which con- 
stitute the societies of the formation, though this is naturally somewhat less 
close so far as species are concerned. The most important societies are con- 
stituted by about 35 genera, of which practically all range throughout the 
formation, though they are naturally little in evidence in the California grass- 
land to-day, owing to the intensive cultivation and the almost universal 
invasion of ruderal grasses. The number of such societies is 45, represented 
by as many species. Most of these are found in each of the associations, 
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though many of them are more characteristic of some associations than others* 
The number of societies common to the whole formation or the major portion 
of it is several times greater than the number peculiar to any one association. 
The behavior of the sub dominants seems fully as significant as that of the 
dominants, when their much greater number and plasticity are' taken into 
account. 

Ecological relations —The ecological relationship is indicated primarily 
by the vegetation-form. All of the grass dominants are sod-formers, with the 
exception of those of the bunch-grass association. These are all bunch- 
grasses, and appear to be correlated with a winter precipitation which is 60 
to 80 per cent of the total annual. The dominants of the prairie associations 
possess a tall growth-form, usually 2 to 3 feet and often 3 to 5 feet high. As 
the name indicates, the short-grass association consists of dominants regularly 
1 to 2 feet high. These heights refer to the flowering stems, and the difference 
between the tail-grass prairie and short-grass plains is even more striking 
when the significant growth relations of the leaves are concerned. The leaves 
of the buffalo-grass, Bulbilis dactyloides , are normally within 4 inches of the 
soil, and those of grama, Bouteloua gracilis , within 4 to 8 inches. This applies 
likewise to Carexfilifolia and Car ex stenophylla , which are often very important 
constituents of the short-grass association and are sometimes more abundant 
than the grasses. On the other hand, the basal leaves of Stipa and Agropyrum 
are usually 8 to 15 inches high, and the leafy stems reach a height of 2,5 to 3.5 
feet. This difference appears to be primarily one of water-content, more or 
less emphasized by grazing. The height and leaf-length of Bouteloua in par- 
ticular can be doubled or trebled under irrigation. In nature, the height of 
the stems has been found to vary 100 per cent from a wet to a dry year. 
Striking as this difference between short-grasses and tail-grasses appears to 
be in the Great Plains, it disappears to a large extent in the desert plains of 
New Mexico and Arizona, where Bouteloua and Aristida regularly reach 
heights of 18 to 40 inches. The general ecological equivalence of the two 
forms is also well shown in the Stipa-Bouteloua association, where Bouteloua 
is frequently associated with Stipa as a layer, and Bulbilis with Agropyrum . 
As w r ould be expected, the tail-grasses tend to have deep roofs and the short- 
grasses shallower ones. In both cases this is largely determined by the depth 
of available water and bv the compactness of the soil (Shanfz, 1911 ; 40; 
Weaver, 1915 : 274; 1917 : 56, 1919). 

Subdominants. — The subdominants are practically all long-lived perennial 
herbs, in which the shoot and root have solved the problem of successful com- 
petition with the grasses. Four fairly well-defined types may be recognized. 
Perhaps the commonest is the type with tall bushy stems, such as Psoraka 
tenuiftora , Amorpha canescens , Glycyrhiza lepidota , and Car dims undvlatns , 
which both shade and overtop the grasses in some degree. A second type is 
shown by such species as Petalostemon ca ndidus, P . purpureas, Soli dago 
rigida , Lepachys column aris } etc., in w r hieh several tall strict stems come from 
one root. A third is illustrated by Eriogonum annuum , Heliantkus rigidus , 
and Cilia aggregate, with a single slender shoot overtopping the grasses. In 
the fourth type, the stems form a tuft or mat-like mass, which dominates the 
grass shoots; this is seen in Astragalus crassi carpus, Aragalus lamberii , Arte- 
misia frigida , and Opuniia polyacantha . In Balsamorhiza , Solidago , Cardims , 




A. Stipa-A ndrn pagan association, Lincoln, Nebraska. 

B. Stipa a par tea consociation Halsey, Nebraska. 

C. A ndropogon scoparius consociation, Meclora, North Dakota. 
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and Brauneria a somewhat similar result is secured by means of the basal 
rosette. The roots of the great majority of these are deep-seated,, apparently 
for the purpose of escaping the competition of the grass roots in so far as 
possible. Most of them place their roots at depths of 5 to 12 feet, and some 
penetrate as deeply as lo to 20 feet. 

Developmental relations. — From what has been said of the range of subclimax 
dominants, it follows that the several associations are closely related in sue- 
cessional development. The consocies and socies belong chiefly to the same 
genera, and a large number of species, especially those in water, saline areas, 
and Bad Lands, occur throughout. Phylogenetically, the formation shows 
evidence of having derived its dominants originally from two distinct vege- 
tations. Stipa, Agropyrum, and Koeleria appear to have come from, an 
original northern climax, which was forced southward during glacial times into 
the steppes of Eurasia and the prairies and plains of North America. Bou- 
teloua, B-ulUlis, Aristida, and Andropogon are genera of southern origin, which 
had probably pushed into the prairies and plains during the Miocene. It 
seems likely "that the four most vigorous species, Bouteloua gracilis, Aristida 
purpurea, Bulbilis dactyloides, and Andropogon scoparius pushed still farther 
northward after the Pleistocene, and came to be at home with the tail-grasses 
of the northern prairies of the Dakotas, Montana, and Saskatchewan. The 
ecological unity of this particular association is emphasized by Carex filifolia 
and <7. s tenophylla, which resemble the short-grasses in life-form, but are 
holaretic in origin. To the east of this central matrix was differentiated the 
Stipa-Koderia and to the west the Agropyrum-Stipa association, the one in 
response to a moderate rainfall of the summer type, the other to winter pre- 
cipitation. Within these there was a further tendency to separate into a 
northern Agropyrum area and a southern Slip a one. This was w-ell-marked 
in the Pacific region, but it has completely stopped as a consequence of settle- 
ment In the south, a similar differentiation resulted m the Anstida-Bou- 
tdoua association, which still finds its best expression in Mexico, and the 
Andropogon subclimax of the Mississippi Basin. 

THE TRUE PRAIRIE. 


STIPA-KOELERIA ASSOCIATION. 

Extent— The true prairies occupy a distinct belt between the subclimax 
and' mixed prairies, reaching from Manitoba to Oklahoma This position as 
well as their relationship is shown by the presence of Andropogon scoparius 
derived from one and Stipa comata from the other. The ecological relation 
is well illustrated in northeastern Nebraska, where Andropogon furcatm and 
A. scoparius occupy the meadows and moister slopes, and Stipa comata ^and 
Bouteloua gracilis the drier upper slopes and crests of the Stipa-Koelena hi Is. 
To the southeast, increasing rainfall enables first Andropogon scoparius and 
next A. furcatus to extend over the rolling hills, while to the west and north- 
west reduced rainfall causes Stipa comata to dominate and then replace S. 
spartea, and permits Bouteloua and Bulbihs to become constant associates of 

th CultivSionhas S perhapsdestroyed this association to a larger extentthan 
any other community of the grassland, and its limits are accordingly difficult 
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to trace. This difficulty is increased by the breadth of the two eeotones 
between the three parallel associations. However, the general limits of the 
area may be drawn with some definiteness. The eastern edge runs southward 
from Manitoba along the western boundary of Minnesota and then swings 
• southeastward with the Minnesota Valley, reaching its limit between 92° and 
93° W. It stretches across northern and central Iowa in the vicinity of the 
ninety-third meridian, and then trends southwestward across northwestern 
Missouri and eastern Kansas, where it turns south to the Oklahoma line. 
The western boundary begins in Manitoba between the one hundredth and the 
one hundred and first meridians and continues more or less due south to near 
the Nebraska line, where it turns southeast around the sandhill region, beyond 
the ninety-ninth meridian. It then follows this in a general way into northern 
and centra,! Kansas, and finally approaches the Oklahoma line in the vicinity 
of the ninety-eighth meridian. The association reaches its greatest breadth 
of 7° of longitude along the forty-third parallel, and it tapers more or less 
irregularly in both directions to a width of 1° to 2° in Manitoba and in Kansas. 

CONSOCIATIONS. 

Stipa spartea. Agropyrum glaucum, 

Koeleria cristata. Andropogon scoparius. 

Stipa comata. 

Each of the 5 species may occur as a pure dominant, though this is excep- 
tional for Koeleria. The latter has been found in pure communities covering 
several square miles only in the Dakotas, where this condition was also found 
by Griffiths (Williams, 1898 : 22). Koeleria is sometimes dominant in 
meadows and swales, but it is usually associated with Stipa or Agropyrum , 
While it possesses the most extensive range of any of the 5 dominants, it is 
generally the least important locally, its abundance rarely being more than 
30 per cent and often as low as 10 per cent. Stipa spartea and 8. comata are 
complementary species which overlap as dominants in northeastern Nebraska 
and the central Dakotas. The ecotone between them runs in a general way 
along the ninety-ninth meridian, though either occurs locally beyond this line. 
In Kansas, Stipa spartea ranges over the eastern half of the State, while S. 
comata is reported for only five counties in the extreme west. It is probable, 
however, that the consociations are in contact with each other in the central 
portion. Both occur as pure communities over large areas in their respective 
regions, but they are generally associated with Andropogon scoparius or 
Agropyrum glaucum. Stipa spartea is the most typical dominant of the true 
prairies, while S. comata belongs primarily to the mixed prairies. 

Andropogon scoparius is the normal associate of Stipa spartea and Koeleria 
crisiata } giving the grass tone to the prairies during late summer and autumn, 
as they do in spring and early summer. It is one of the most widespread of 
dominants, and plays a climax or serai role in all the grassland associations 
except that of the Pacific Coast. It shows two life-forms, appearing as a sod- 
grass in the true and subclimax prairies, and as a bunch-grass in the sandhills 
and “breaks” of the mixed prairies and the plains. Like Stipa comata , 
Agropyrum glaucum is found throughout the West, but its dominance is 
local or subclimax in nature outside of the prairie association. It exerts a 
greater control on the habitat than any of its associates, owing largely to its 
many and vigorous rootstocks. It is purest on the gumbo plains and rolling 
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hills of south-central South Dakota, where it stretches like fields of wheat as far 
as the eye can reach. Like Stipa spartea , it often meets and mixes with Andro - 
pogon scoparius or A, furcatus in low prairies or subclimax regions. In such 
places, as well as in local areas of higher rainfall, Andropogon furcatus and A. 
nutans often become controlling. When this is the case, however, the com- 
munity is always to be regarded as subclimax. It need occasion no surpiise 
to find extensive outposts of subclimax grassland in the true prairies, if account 
be taken of the close requirements of the dominants and the considerable 
variation in normal rainfall at places not very distant from each other. T hus 
Lincoln and Peru, Nebraska, are less than 60 miles apart, but one has a rain- 
fall of 28 inches and is in the true prairies, while the other with a rainfall of 34 
inches lies in the subclimax prairie (plate 22, a). 

Factor relations. — Koeleria is a bunch-grass, while the other four dominants, 
as well as the subclimax Andropogon furcatus , are sod-formers in the prairie. 
All of the latter become bunch-grasses with the decreasing rainfall, such as is 
characteristic of the sandhill areas to the westward. Their water relations 
have been worked out for but a few regions as yet, but enough has been done 
to indicate the general requirements. These agree well with the growth-form 
and with the successional sequence, as well as with the physiographic relation 
where this controls the distribution of water. Studies of water-content in the 
Siipa-Koeleria prairies at Belmont, north of Lincoln, from April 22 to May 25, 
1901, gave the following results at 5, 10, and 15 inches: 


Depth. 

Crests. 

Upper slopes. 

Lower slopes 
and ravines. 

ins . 

p. ct. 

p. ct. 

p. ct. 

5 

12 to 6 

20 to 6 

32 to 15 

10 

15 to 5 

23 to 10 

34 to 16 

15 

12 to 3 

20 to G 

28 to 16 


The three levels, which were represented by 7 stations, correspond with 
Bouteloua , Siipa-Koeleria , and Andropogon respectively. Weaver and Thiel 
(1917 : 15) found the water-content of Stipa-Koeleria prairie near Minneapolis 
to range for the most part between 5 per cent and 15 per cent during the sum- 
mers of 1915 and 1816. In the low prairie of Andropogon furcatus and some A. 
scoparius , the variation in 1915 was 27 to 45 per cent, and in 1917 chiefly from 
20 to 55 per cent. In the Belmont prairies in 1916, the range of soil-mois- 
ture in the high prairie was chiefly between 10 per cent and 25 per cent 
on the slope, while on the ridge it fell for the most part between 5 per cent and 
15 per cent. The high prairie at Minneapolis and Belmont gave an evapora- 
tion rate nearly twice as great as that of the low prairie. The evaporation 
rate on a ridge of the Belmont prairie was usually 2 to 4 c.c. higher than on 
the slope. 

Sequence of dominants. — These results confirm the water sequence as indi- 
cated by the successional and topographic relations. The subclimax Andro - 
pogons have the highest water-content requirement, a fact further attested 
by the readiness with which they are invaded by scrub or woodland. Agro~ 
pyrum follows closely, often being nearly equivalent to Andropogon scoparius . 
After it come Koeleria , Stipa spartea , and S. comata in this order, with the 
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extra-associational Bouieloua gracilis occupying the dry crests. The average 
range of water-content for the Andropogons is 25 to 35 per cent, for Agro~ 
pyrum 20 to 30 per cent, for Stipa spartea and Koelcria 15 to 20 per cent, and 
for Stipa comata 10 to 15 per cent. It is clear that these values will vary 
greatly from the dry to the wet phase of the climatic cycle, and that their 
efficiency will change with the factors controlling evaporation and transpira- 
tion. 

While extensive quantitative studies will refine these values and will 
definitive them for different regions, it seems clear that they will also further 
verify the successional sequence indicated above. In applying the latter, it 
must be borne in mind that the mixing of two or more of the dominants over a 
certain area by no means invalidates the sequence. The requirements of two 
successive dominants are more alike than different, and under minor dis- 
turbances in the habitat-complex are actually or apparently equivalent, for 
a time at least. These differences are modified by climatic fluctuations from 
year to year. When variation of slope, exposure, and soil are taken into 
account, it is readily understood why pure consociations extending over many 
miles are impossible. The largest area of Agropyrum seen was in the valley 
of Dog Ear Creek in South Dakota, but whenever the valley rose into hills, 
Agropyrum gave way to Stipa comata or Stipa spartea. Likewise, on the rough 
hills of the Pine Ridge reservation of South Dakota, Stipa comata appears 
like fields of golden grain for miles in every direction, but the lower valleys, 
swales, and roadways are characterized by Agropyrum . Stipa spartea shows 
a similar behavior on a smaller scale. However pure the community appears, 
it is regularly mixed with Koeleria or interrupted by Agropyrum or Andvo- 
pogon. 

The mixing of dominants within an association differs only in degree and 
extent from the mixing of dominants at the edge of contiguous associations 
or formations. But it would be a serious mistake to assume that the associa- 
tions or formations concerned were essentially a unit because of the broad 
ecotone that exists between them. There is a complete sequence of dominants 
with overlapping ranges in the grassland from Andropogon furcatus on the 
east to Bouieloua gracilis on the west. This corresponds with a gradual 
decrease of rainfall from 30 to 40 inches to 10 to 15 inches. In spite of the 
equalization brought about by physiography, the two species practically never 
come in contact with each other as dominants. Between them lies the whole 
region of the climax prairies, 200 to 400 miles wide, along which Andropogon 
makes a broad ecotone on the east and Bouieloua on the west. A similar situa- 
tion exists where grassland comes in contact with the sagebrush or the wood- 
land climax. There is often a complete and more or less equal mixture for a width 
of several to many miles. From the superficial evidence, the dominants 
might well be placed in the same formation, but a study of the successional rela- 
tions or a comparison of the ecotone with the formation proper on either side 
will at once disclose the real facts. As a rule the careful study of the ecotone 
will show that most of it can be referred to one or the other of the two forma- 
tions or associations, and that the area of actual equilibrium is relatively 
small. In fact, increasing familiarity with vegetation shows that most 
transitions are due to disturbance or climatic cycles and are actually a part 
of succession. 



A. Koeknao rixlala-Amlropogon scopanus association, Agate, Nebraska. 

B. Erigeron ranwsus society, Lincoln, Nebraska. 

C. Detail oi society of Psora lea teuidjolia and Erigeron rawosm , Lincoln, Nebraska. 
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SOCIETIES. 

Nature. — The societies of the grassland formation are constituted by 
perennial herbs which give a distinct impress to large areas of the grass cover. 
As already indicated, they show a dominance which is subordinate to that of 
the grasses, and hence are termed subdominants. Originally the term was 
employed for all conspicuous subdominants of wide range (Clements, 1905). 
As the importance of the distinction between climax and developmental 
communities became manifest, the society was restricted to the climax, and 
the corresponding term socies was used for the successional subdominants. 
In the superficial study of an association, subdominants of all sorts will be 
found to alternate and mix with each other. All such communities appear to be 
societies, until a study of succession reveals the fact that some are relatively 
permanent while others are temporary, and many indeed persist for only a 
few years. Where disturbance is continuous or recurrent, as in grazing, 
temporary societies or socies persist as long as the disturbance lasts, and their 
real character can be determined only by protected quadrats or by com- 
parison with undisturbed areas. In the majority of such cases, however, 
socies can be recognized by the fact that they are composed of species of 
annual or biennial habit. 

Control of dominants. — The subdominance of a society is necessarily limited 
by that of the grass dominants. In grassland, water is the primary limiting 
factor, and determines the competition between dominants and subdominants 
as well as within the corresponding communities. The fact that the two 
belong to distinct vegetation-forms means that they avoid competition in so 
far as possible by making different demands and at different times. Theoreti- 
cally, the grass dominants should gradually gain the advantage over the sub- 
dominants and replace the latter completely. This is especially true of legume 
societies, the reaction of which greatly stimulates the growth of grasses. Such 
an outcome is frequent in the Bouteloua gracilis , Bulbilis , and Agropyrum 
glaucum consociations, wherever the dense turf holds the water in the upper 
soil layer. In such cases, the grass roots absorb practically all of it and leave 
little or none for the deeper-rooted herbs (Shantz, 1911 : 51: Weaver, 1919 : 
51). As a consequence, the number and extent of societies depend primarily 
upon rainfall. Where the rainfall is from 25 to 40 inches and the evaporation 
correspondingly low, societies will usually be so numerous and luxuriant as to 
conceal or at least obscure the dominant grasses during much of the growing 
season. As the rainfall decreases and the evaporation increases to the west- 
ward, the dominants will take more and more of the water-content, and the 
number and extent of the societies will steadily diminish. The result is that 
the true prairies (Siipa-Koeleria association) show the best development of 
societies. The wealth of subdominants is partly due also to the fact that 
the prairies have been able to draw almost equally upon the eastern and the 
western floras. The mixed prairies have the same societies for the most part, 
but they are reduced in number and even more in extent and density. This 
is due partly to reduced rainfall and partly to the presence of the lower layer 
of short-grasses and sedges. 

The bunch-grass prairie is much poorer in societies, on account of a low 
winter precipitation. The poorest of all is the short-grass plains (Bulbilis- 
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Bouteloua, association). This seems to be related to three interacting causes. 
Perhaps the most important is the small amount and the character of the 
summer rainfall, and the rapidity of evaporation. Coupled with this are the 
dense sod and the fine mass of shallow roots which limit penetration largely 
to the upper foot or two. A third factor is the extensive grazing which has 
supplemented the first two by decreasing the competitive vigor of the sub- 
dominants or by actually destroying them. In the desert plains (. Aristida - 
Bouteloua association), somewhat similar conditions prevail, and societies are 
relatively few. This essential water relation between the consociations and 
the societies is well shown in regions where the rainfall or water-content is 
locally increased. The number, extent, and dominance of societies are greatly 
augmented in the case of mixed prairies along the Pine Ridge escarpment in 
Northern Nebraska, the east edge of the Black Hills, and the Front Range of 
the Rocky Mountains in Colorado. This is likewise true in the sandhill 
region of central Nebraska, where the chresard or available soil-water is 
exceptionally high. 

Relation to consociation. — While there is no necessary connection between 
consociation and society, there is a more or less evident correlation based 
upon water requirements and floristics. It must be clearly recognized, how- 
ever, that consociations are not divided into societies as associations are into 
consociations. The entire area of the association is occupied by its consocia- 
tions, in pure alt-ernes or in mixtures, except where succession is in process. 
The same area will likewise show societies, but they will mix and alternate, or 
replace each other without any clear relation to the consociations. This is 
partly due to their large number and partly to the fact that subclominants 
are naturally susceptible to variations in the composition, density, and vigor 
of the grass communities as well as to local differences in the habitat. For 
example, Psoralea temiiflora is one of the most important of grassland societies. 
It is essentially a formational subdominant in that it occurs in all of the asso- 
ciations with the probable exception of the bunch-grass prairie. Yet its height 
and density, and hence its degree of dominance, differ in practically all of them. 
It reaches its best expression in the Stipa spartea consociation, but is usually 
replaced in the related Agropyrum and Andropogon consociations by Its com- 
plementary subdominant, Psoralea argophylla . Of the hundred or more 
societies, the majority occur in at least three associations, and usually three 
contiguous ones. So closely related are the associations in conditions and 
floristics that hardly a single society is known to be restricted to one associa- 
tion. The societies of the most limited extent are those which have been 
recently derived from other formations. They naturally occur in the sub- 
climax, the desert plains, or in the bunch-grass prairie, since these are the 
marginal associations of the grassland. 



Origin. — This fact corresponds with a general grouping of societies with A 

reference to the flora from which they come. The grassland has approximately , 

100 societies, of which more than 40 are derived from the southwest, and about 
30 from the east or southeast. Some of the latter were doubtless from the - 1 ; : 

south or southeast originally. A few are apparently indigenous and a small 
number are Pacific, and hence probably southern also. The large number of ' 

southern elements agrees with the southern derivation of most of the grass- \ ‘ 

land dominants. The fact that Bouteloua , Aristida , and Bulbilis have pushed || r 
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so far north explains why the societies of desert plains, short-grass plains, and ; 

the mixed prairie are so largely southwestern. The more mesophytic eastern : 

prairie affords a readier area for the invasion of the eastern and southeastern 

species from regions of greater rainfall. The result is that the prairies are < 

largely characterized by eastern elements. This is particularly true of the 

spring societies and those of the low prairies, as these are especially meso- ; 

phytic. The summer and particularly the autumn societies are increasingly - 

xerophytic, and are accordingly largely southwestern and western in origin. : 

Mixed societies. — Subdominants either alternate or mix with each other in 
the grassland fundament. Their large number explains why mixing is the I 

rule. The degree will vary, however, in the different associations in accord- ! , 

ance with the water relations, as well as the wealth of the flora. Mixed ; j 

societies are regularly characteristic of the true prairie, less so of the mixed •; 

prairie, and still less so of the short-grass plains, where alternation of pure 
societies seems rather more frequent. Mixed societies may consist of 2 to 3 \ 

dominants, one of which is controlling, or of several dominants, of which 2 or j - 

3 may be equally important. The most characteristic society of the rolling i i 

Stipa-Koeleria prairie about Lincoln consists of Psoralea tenuifiora , Amorpha : 

canescens, Petalostemon candidus , P. purpureus , and Brauneria pallida . At 
Mandan, North Dakota, this is represented by Psoralea argophylla , Brau- j 

neria 7 and P. candidus , while along the Rawhide Hills, in eastern Wyoming, , / 

Psoralea tenuifiora and P, purpureus form the chief society. In the Pine ■ f 

Ridge region of northwestern Nebraska and South Dakota, Psoralea occurs -j 

as a pure society, as is frequently the case throughout the Great Plains. | 

While these subdominants may occur in nearly all possible combinations, the 5 \ 

example given illustrates the uniform tendency to reduction wherever local ;■ j 

factors or climatic conditions decrease the water-content. As a consequence, 
the pattern woven by the subdominants upon the grass fundament is a corn- ' J 

plex one and it can be traced only by a careful study of the interaction of com- j 

petition and the water-content. When layer societies occur in the grassland, 
they are the outcome of competition for light primarily. They axe naturally 
restricted to the prairies. ; G 

Aspects. — The most helpful clue to the structure and grouping of societies 
is furnished by the study of seasonal aspects and of alternation. These are f 

chiefly expressions of the relation to water-content differences as brought about f 

by season and topography. The success of each subdominant depends upon * ‘ 

the extent to which it avoids competition with others. This has led to the : - \ 

multiplication of the number of societies up to the limit set by the water rela- j 

tions. As a corollary, the number of societies and the degree of mixture are ; | 

indicative of the water relations of a particular area or region. Species have ' ;j 

necessarily made use of both methods of avoiding competition, namely, 
alternation in time and in space. Alternation in time results in periods of 
maximum development termed aspects (Pound and Clements, 1900 : 143, 

349; Thornber, 1901 : 57; Shantz, 1906 : 26). Aspects are based primarily 
on the flowering period of the subdominants, upon the assumption that the 
total requirements of a plant are greatest at the time of flowering and fruiting. 

Moreover, the subdominants are most characteristic at this time, and the 
corresponding societies stand out sharply. The number of aspects naturally 
depends upon the length of the growing season. At Lincoln, the mean dura- '] [ J 
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tion of the latter is 234 days, and it is possible to recognize four aspects, early 
spring, spring, summer, and fall. As the season grows shorter, the early 
spring and fall aspects merge into the spring and summer respectively. These 
two aspects persist even when the season is reduced to two months or less, as 
is the case on Pike’s Peak (Clements, 1904 : 349). 

The early spring or prevernal aspect is largely a matter of temperature and 
light, the water-content being high and the demands upon it slight. The 
plants are chiefly low mat and rosette plants, which must bloom early to 
avoid the overshading produced by later species. The maximum water- 
content occurs in the spring and evaporation is lowest then also, though 
pronounced fluctuations are of frequent occurrence. As a general result, the 
more mesophytic species appear in the spring and the more xerophytic ones 
in late summer and autumn. The maximum development occurs during the 
summer aspect in high prairie, and somewhat later in low prairie, the tempera- 
ture necessary for mature growth playing some part in this. In the case of 
high prairie the growing season is gradually closed by drought, with low prairie 
it is usually terminated by frost. With the passing of each aspect, its principal 
species decrease their activity greatly. Accordingly, while the number of 
mature plants constantly increases during the summer, the demands for 
water and light increase less rapidly, and the supply is conserved at the 
requisite level. It is hardly necessary to point out that there are no sharp 
distinctions between the various aspects. The one passes gradually into the 
next, and the change is not perceptible from day to day. If, however, the 
prairie is visited in early April, late in May, in early July and early September, 
it will present a wholly different appearance at each time. 

Zones and alternes — The structure of the prairie during a particular aspect 
is largely due to alternation and zonation. These are both caused by slight 
differences in the requirements of the species concerned. This is best illus- 
trated by corresponding species of the same genus, such as Petalostemon pur - 
pureus and candidus, Psoralea tenuiflora and argophylla, Solidago missouriensis 
and rigida, Artemisia frigida and gnaphalodes , Aster multiflorus and sericeus, 
and Liatris punctata, scariosa, and pycnostachya . In each case the first species 
is more xeroid than the second, with the consequence that one regularly 
occurs above the other in more or less zonal arrangement over the rolling 
prairies. In many areas the zones are obscure or interrupted, and the two 
species occur in drier and moister areas respectively, or the one will be more 
abundant in high prairie and the other in low prairie. This relation is con- 
firmed by their successional behavior in that the xeroid species usually shows 
a marked tendency to appear just before the climax. Petalostemon and Psor- 
alea have been studied as to their water relations in the Lincoln prairies, 
where Psoralea argophylla characterizes the valley plains and lowermost 
slopes with an average water-content of 25 to 35 per cent, while P. tenuiflora 
dominates the slopes and broad middle ridges with a water-content of 15 to 
20 per cent. The two touch, but only occasionally overlap or mingle to any 
considerable degree. Petalostemon has been more adequately studied. The 
sharp ecotone between the two species was carefully traced on two opposite 
slopes in 1901, and the water-content limit between them was found to be 
13 per cent. In 1917, Loftfield studied the water relations of the two species 
under control, and succeeded in modifying plants of P. purpureus in high 
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water-content so that they could not be distinguished in shoot characters from 
those of P. candidus. The three species of Liatris are especially striking in 
their relations. About Lincoln, L. pycnostachya is confined to low prairies and 
meadows, L. scariosa takes middle levels and lower slopes, while L. punctata 
is found on upper slopes and crests. As would be expected, this agrees with 
the difference in growth-form; L. punctata averages 1 to 2 feet in height, L. 
scariosa 2 to 3 feet, and L. pycnostachya 3 to 4 feet. It is also in accord with 
their distribution westward. The hy droid L. pycnostachya finds its limit m 
the prairies and the intermediate L. scariosa in the mixed prairies, while L. 
punctata occurs throughout the plains as well as in the bunch-grass prairies 

of the Northwest. _ . ... ™ - 

The alternation of unrelated subdominants is often more striking. I ms 
is true of Anemone and Viola in the spring aspect, of Psoralea and Engeron 
in the summer, and of Aster, Solidago, and Vernonia in the fall. The most 
conspicuous alternation of this sort is that of Psoralea tenui flora and Engeron 
ramosus, owing to the dominance and extent of each, as well as the outstand- 
ing difference in color. The areas of each broaden and contract with the wet 
and dry phases respectively of the climatic cycle. In the wet year of 191o the 
Engeron society covered the lower slopes and vales of the Lincoln prairies like 
fields of snow, while the upper slopes and edges were marked out m the purple- 
green of the Psoralea society. At Weeping Water, where the prairie is largely 
subclimax, the grass openings on the oak hills were snow-white with Engeron, 
thus co nfirming its topographic and cyclic relation to Psoralea in the prairie 
region (plate 22, b, c). 


Studies of prairie societies. — As an adequate treatment of the prairie 
societies is impossible, owing to the limits of space, it must suffice to refer to 
the work that has been done upon them and to list them m the general older 
of importance under the different aspects. The first attempt to deal with -the 
structure of the grassland was made by Pound and Clements (1898 . -44, 
1900 • 349 244, 299), who distinguished and characterized the various sub- 
dominants’, determining their rank largely upon the basis of the quadrat 
method. Thornber (1901 : 73, 96, 137) made a thorough analysis of the 
structure of a subclimax prairie at Nebraska City, paying especial attention 
to the alternation of the principal and secondary species. Harvey (190o . ) 

has traced the seasonal development of the various societies in the prairies at 
Yankton South Dakota. In a careful study of climaxes and their succes- 
sional development in the sandhills of Nebraska, Pool (1914 : 221) has dis- 
tinguished the principal and secondary species of the subclimaxbunch-gi ass 
prairie. Recently Weaver and Thiel (1917 : 9, 32) have dealt with the .aspects 
and societies of the prairie at Minneapolis and Lincoln, and Pool, ^eavei , 
and Jean (1919) with the root relations of dominants and subdommants m 
subclimax prairie at Peru, Nebraska, and climax prairie at Lincoln. Natui- 
ally the following lists are based chiefly upon the structural and quantitative 
studies made in the Nebraska prairies from 1895 to 1907. They bave been 
checked and extended throughout the true prairies ^ Dakota to 

Kansas in the special studies made during the summers of 1913 to 191.8. All 
of the important societies that occur in the prairies are listed here, though 
many of them are found also in other associations* 


f ^ r Kr^'v,. t U f , , . ■ , fc V « 

i k »tr: : * ■ V 'C~ V £ .•* : >'^t «- r 


■■ *•-. - - 


CLIMAX FORMATIONS OF WESTERN NORTH AMERICA. 




Societies of the True Prairie. 

Estival Societies : 

Fsoraiea tenuifiora. 

Amorpha canescens. 
Petalostemon candidus. 
Petalostemon purpureus. 
Psoralea argophylla. 

Erigeron ramosus. 

Glycyrhiza lepidota. 
Brauneria pallida. 

Lepachys colmnnaris. 
Helianthus rigidus. 

Balea laxiflora. 

Verbena stricta. 

Verbena hastata. 

Linrnn sulcatum. 

Equisetum levigatum. 
Equisetum hiemale. 

Veronica virginica. 

Allium mutabile. 

Pentstemon grandiflorua. 
Euphorbia corollata. 
Coreopsis palmata. 

Rosa arkansana. 

Lespedeza capitata. 

Monarda fistulosa. 

Heliopsis seabra. 
Pycnanthemum lanceolatum 
Pentstemon gracilis. 
Silphium integrifolium. 
u Steironema ciliatum. 
Teucrium canadense. 
Teucrium occidentale. 
Amorpha nana. 

Callirrhoe involucrata. 


Serotinal Societies: 

Solidago rigida. 

Aster multiflorus. 

Solidago missouriensis. 
Solidago speciosa. 
Artemisia frigida, 
Grindelia squarrosa. 
Gutierrezia sarothrae. 
Kuhnia glutinosa. 

Aster oblongifolius. 
Artemisia graphalodes. 
Artemisia dracunculoides. 
Salvia azurea. 

Rudbeckia hirta. 

Solidago serotina. 

Aster scriceus. 

Aster paniculate. 

Aster novae-angliae. 

Aster azureus. 

Nabalus asper. 
Eupatorium altissimum. 
Liatris pycnostachya. 
Liatris punctata. 

Liatris scariosa. 

Carduus undulatus. 
Solidago nemoralis. 
Solidago canadensis. 
Vernonia baldwinii. 
Vernonia fasciculata. 
Helianthus maximiliani. 
Helianthus grosse-serrate 
Silphium laeiniatum. 


Prevernal Societies: 

Carex pennsylvanica. 
Antennaria dioeca. 

Anemone patens. 

Anemone caroliniana. 
Lomatium foeniculaceum. 
Draba caroliniana. 
Androsace occidentalis. 

Vernal Societies: 

Astragalus crassicarpus. 
Aragalus lamberti. 
Tradescantia virginiana. 
Phlox pilosa. 

Anemone canadensis, 
Fragaria virginiana. 

Viola pedatifida. 

Viola cucullata. 

Baptisia leucophaea. 
Callirrhoe alcaeoides. 

Vicia americana. 

Thalictrum purpurascens. 
Ranunculus ovaiis, 

Zizia aurea. 

Anemone cylindrica. 
Equisetum arvense, 
Comandra umbellata. 
Senecio aureus. 

*, Sisyrinchum angustifolium. 
Lithospermum linearifolium. 
Lithospermum canescens. 
Lithospermum hirtum. 
Agoseris cuspidata. 

-Achillea millefolium. 
IJosackia americana. 

Viola pedata. 

Si'eversia ciliata. 

Hypoxia hirsuta. 

Oxalis stricta. 

Castilleia sessilifiora. 
Houstonia angustifolia. 


CLANS. 

Clans are climax communities of limited area or dominance. They usually 
occur as secondary areas in societies, but are occasionally found where the 
dominance of grasses is too great to permit the appearance of societies. A 
clan may consist of a species which is locally important or conspicuous, but 
does not occur generally. The most common type is represented by a gre- 
garious species which growls in small patches of a few square yards or a few 
rods. Another common type is exemplified by subsparse secondary species 
which are more or less frequent throughout the association. Some of these 
naturally become so sparse that they no longer give any impression of a com- 
munity. Clans are perhaps best regarded as communities of the third degree 
of dominance, in which the control is necessarily slight as a consequence of 
being subordinated to the primary control of the grass dominants and the 
secondary control of the subdominants. Near the edges of an association, 
societies of adjoining areas enter in reduced abundance and dominance. As 
a result, they have the appearance of clans and would pass for such -where a 
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single locality is studied. Since the fluctuations of societies are of great 
importance for indicator studies as well as for climatic correlation, it seems 
clear that they should always be treated as such, with the proper statement 
as to their reduced significance. It is perhaps even more necessary to main- 
tain the distinction between fragmentary consocies or socies, and clans. A 
host of minor disturbances may denude a small spot or displace the dominants 
sufficiently to start a minute succession. To the unpracticed eye, the com- 
munity will appear as a clan, while it is really a stage in succession. Its real 
nature is readily disclosed by comparison with other areas where disturbance 
is obvious, or by following its development during a few years. 

Because of their subordinate importance, the factor relations of clans have 
secured little attention. They are clearly controlled by water relations, as is 
shown by their topographic position, and their seasonal appearance. They 
are also more or less influenced by light as an outcome of their competition 
with the subdominants. 


Vernal Clans : 

Delphinium penardi. 
Oxalis violacea. 

Oxalis stricta. 
Scutellaria parvuia. 
Astragalus canadensis. 
Specularia perfoliata. 
Pentstemon cobaea. • 
Pentstemon albidus. 
Onosmodium molle. 
Baptisia leucantha. 
Erigeron philadelphicus. 


Estival Clans: 

Asclepias syriaca. 

Asclepias sullivantii. 
Asclepias tuberosa. 

Asclepias verticillata pumila. 
Lactuca pulchella. 
Desmodium illinoense. 
Schrankia uneinata. 
Desmanthus illinoensis. 
Lathyrus ornatus. 

Acerates viridiflora. 

Psoralea eseulenta. 

Potentilla arguta. 

Physalis lanceolata. 

Physalis virginiana. 

Dalea aurea. 


Estival Clans — continued. 

E volvulus argenteus. 
Gerardia purpurea. 
Gerardia aspera. 
Cacalia tuberosa. 
Lythrum alatum. 
Lechea minor. 

Ruellia ciliosa. 
Triosteum perfoliatum. 

Serotinal Clans: 

Liatris squarrosa. 
Hieracium longipilum. 
Gentiana puberula. 
Gentiana andrewsii. 
Solidago graminifolia. 


THE SUBCLIMAX PRAIRIE. 

ANDROPOGON ASSOC1ES. 

Nature. — East of the Stipa-Koeleria association lies a belt of prairie more or 
less interrupted by woodland. In general character the two are very similar, 
so much so that at first thought it seems impossible to draw a valid distinction 
between them. The difficulty arises from the very gradual increase of rainfall 
from 30 to 40 inches and the correspondingly broad transition from the one 
to the other. In spite of this, the two communities are at least as different as 
the other associations of this formation. The climatic difference of 10 inches 
of rainfall is reflected in the close sod and the taller growth-form, both more 
typically developed than in any other association of the grassland. The 
greatest distinction arises from the fact that the dominants are nearly all 
different, though their similarity in requirements is attested by the degree to 
which they mingle and alternate. Andropogon is typical of the community to 
an almost exclusive degree, but the species often mix with Stipa, Agropyrum, 
and Koeleria to such an extent as to make the exact relationship of a particular 
area difficult to determine. All of these differences are summed up in the 
fact that the Andropogon prairie over most of the region is subclimax in charac- 
ter, L e. } it will be replaced by scrub, woodland, or forest wherever cultivation, 
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fire, or grazing does not prevent. Here again much of the broad transition 
between the two prairies would probably develop into forest where disturbing 
processes are not too great, but the Stipa-Koeleria prairie is a climax associa- 
tion through practically its entire area. In a few especially favorable locations 
and during the wet phase of the climatic cycle, forest may encroach upon it, 
but not to an important degree. Finally, the societies of the subclimax 
prairie differ from those of the climax in containing more eastern species and 
fewer western. The majority of the societies, however, are the same for both, 
and this is likewise true of their luxuriance and complexity (plate 23). 

Range. — The Andropogon associes has never been clearly recognized 
before, and in consequence it has received little direct attention. The few 
studies have been local ones dealing chiefly with succession in dunes or swamps, 
and have consequently emphasized the serai stages more than the climax. 
The region lies east of the Missouri River for the most part and has been 
visited but little in the course of the special survey of the past six years. As 
a consequence, its outlines can be traced only in the most general manner. 
The area includes southeastern Nebraska, eastern Kansas, northern Missouri, 
eastern Iowa, small areas in southeastern Minnesota and southern Wis- 
consin, and more considerable areas in Illinois and Indiana. In addition, it 
runs into Oklahoma and Texas, but little is known of the extent covered. As 
successional fragments, it is found also in Arkansas and Mississippi, but these 
are wholly extra-regional. Similar extensions occur throughout the valleys 
of the prairies and well into the plains, but here they are subclimax to the less 
mesophytic grass associations. A remarkable development of this sort occurs 
in the great sandhill region of Nebraska, where Andropogon is again the domi- 
nant genus. Here the important dominants are bunch-grass, as demanded 
by the more rigorous water conditions, and the climax is the Stipa-Bouteloua 
prairie. 

The western limit of the subclimax prairie as known at present is fairly well 
indicated by the isohyete of 30 inches, as it nins through Minnesota, Iowa, 
Nebraska, and Kansas, and northern Oklahoma. It is impossible to draw the 
limits in the east, north, or south, not merely because of lack of knowledge, 
but also because its occurrence is more and more local in character and suc- 
cessional in nature the farther east one goes. 


Andropogon furcatus. 
Andropogon nutans. 
Andropogon scoparius. 


CONSOCIATIONS. 

Andropogon saccharoides. 
Bouteeotta racemosa. 
Elymus canadensis. 


Panic um virgatum. 
Spartina cynosuroides. 


The Andropogons are by all odds the most important dominants of his 
association. They give it the distinctive impress everywhere except in 
transition areas. Because of its characteristic alternation as a subclimax 
with forest on the one hand and true prairie on the other, it often contains 
subdominants from the former and dominants from the latter. In the low 
prairies and meadows of Nebraska, Iowa, and Minnesota, practically any of 
the above may be found intimately mixed with Stipa spartea , Agropyrum 
glaucum or Koeleria cristata (Pound and Clements, 1899, 1900 : 345; Thorn- 
ber, 1901 : 66, 86; Weaver and Thiel, 1917 : 11). As a consequence, the 
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dominants of the subclimax run the whole gamut of water-content from wet 
meadow to true prairie. 

Factor relations. Because of its ability to grow in saturated soil, Spartina 
often serves as the last consocies in the wet meadow stage of the hydrosere. 
During most of the summer, the soil in which it grows is usually moist rather 
than wet, and this, with its tendency to mix with the other dominants, war- 
rants putting it in the subclimax for the present. In the regions with more 
rainfall, it is properly to be regarded as a ■wet-meadow dominant. It clearly 
has the highest water requirements of all its associates and is apt to be the 
most localized, as well as in the purest stands. The water-content of Spartina 
ranges from saturation to about 45 per cent, while that of Elymus and Panicum 
is from 80 to 30 per cent. The last two are nearly equivalent, though Elymus 
will grow in somewhat moister soil. Andropogon furcatus and A. nutans are 
the most mesophytic of the four Andropogons, and are nearly equivalent to 
Panicum and Elymus . They form a much more perfect sod than these two, 
and as a result are more successful in competition and less susceptible to annual 
fluctuations. The normal range of water-content for A. furcatus is 50 to 25 
per cent. Andropogon nutans is slightly less mesophytic and A . scoparius 
still less so, though all three frequently occur together. The water values of 
A, so, cchar aides are unknown, but its constant association with A . scoparius 
in Kansas, Oklahoma, and Texas indicates an intermediate position between 
this and A. furcatus. Bouteloua racemosa has essentially the same water 
requirements as A. scoparius , and the two are regularly mixed, not only in the 
subclimax, but in rough places throughout the prairies, plains, and desert 
plains. For a more detailed account of the ecological factors, the reader is 
referred to Thornber (1901 : 32), Weaver (1919), and Pool, Weaver, and 
Jean (1919). 

Three other species of grasses occur with such abundance or frequence as 
to require notice, though none of them can be properly ranked as dominants. 
The most important is Poa pratensis , which displaces the native grasses in 
many places where grazing, mowing, or other disturbances have given it the 
advantage. In sandy soils, and especially in sandhills, Andropogon hallii is 
frequently associated with A . scoparius and occasionally with A . furcatus. 
Panicum scoparium is abundant throughout the subclimax and also in the 
transition to the true prairies, but it can hardly be regarded as a dominant 
because of its low’ stature. In essence, it is a layer society of the first import- 
ance, but it is hardly to be treated as an actual society because of its vegeta- 
tion-form. Its broad leaves, however, do give it much the value of a sub- 
dominant herb. 

Sequence. — The factor relations of the dominants are confirmed by their 
topographic position and serai sequence. Hundreds of localities in boldly 
rolling prairies will show the fundamental sequence from wet meadow to crest 
of ridge. This is (1) Spartina , (2) Elymus, (3) Panicum virgaium , (4) Andro- 
pogon furcatus, (5) A . nutans , (6) A. scoparius , (7) Bouteloua racemosa , with 
Poa pratensis appearing almost anywhere between Spartina and A . scoparius 
as disturbance permits. In sandy meadows of the sandhill region, disturb- 
ance often initiates a subsere in which the early grasses are Eriocoma cus - < 
pidata. Andropogon hallii , and A . scoparius , followed by A . furcatus , Panicum 
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virgatum, and Elymus canadensis , with Sparlina in the moister areas (cf. 
Pool, 1913 : 298). The growth-forms are in almost perfect accord with the 
factor and serai sequence. Spartina , which is both hydroid and the earliest 
in appearance, has a growth-form usually 5 to 7 feet and sometimes 8 to 10 
feet high. Andropogon furcatus and A . nutans are normally 4 to 6 feet and 
occasionally 6 to 8 feet tall, while A. saccharoides is a little shorter. Elymus 
canadensis and Panicum virgatum are practically the same height, from 3 to 

5 feet. Andropogon scoparius is usually about 3 feet in height and Bouteloua 
racemosa generally somewhat less. In size and habit, A. scoparius is the 
transition form to the true prairies, in which the dominants are between 2 and 
3 feet high. This also explains why it is such a constant associate of Stipa 
and Koeleria . The root relations are less distinctive, as would be expected. 
Andropogon furcatus and Panicum virgatum are the most deeply rooted, A . 
nutans an & A* scoparius come next, while Elymus canadensis resembles Koeleria 
and Stipa in having shallow roots (Weaver, 1919). 

Grouping —The dominants which constitute the greater part of the associa- 
tion are A. furcatus , A. nutans , and A . scoparius . Mixed or alternating, they 
occupy nine-tenths of the area and form the pattern in which the others play 
minor parts, except in localized areas. The actual groupings are best shown 
by the records of 33 quadrats charted by Thornber (1901 : 95) in the south- 
eastern comer of Nebraska, and ranging from wet meadow to hilltops. Of 

6 quadrats in the wet meadow, 4 contained Spartina cynosuroides and 5 
Poa pratensis as dominants. The 5 quadrats in the meadow or low prairie 
all contained A . furcatus and A. scoparius; 3 contained A . nutans, and 3 
showed Elymus and Panicum . With regard to the number of dominants, 2 
quadrats showed all five; 1 showed four, and 2 showed three. A. furcatus and 
A. scoparius occurred as dominants in every one of the 22 quadrats on the 
slopes and crests, Bouteloua race?nosa in 4, Koeleria cristata in 2, Pani- 
cum scoparium in 2, and P. virgatum in 1. P. scoparium also occurred in 
more or less abundance in 17 other quadrats, £. racemosa in 14, Stipa spariea 
in 12, and Koeleria cristata in 9, suggesting the transition to the true prairie. 
Southward from Kansas into Texas, similar groupings of the dominants occur, 
but A. furcatus is partly or largely replaced by A . saccharoides , while A. 
hallii plays a role of some importance. 

SOCIETIES AND CLANS. 

These are all but identical with those found in the Siipa-Koeleria prairie and 
it is unnecessary to repeat the lists on pages 130 and 131. A few additions might 
be made, but these are nearly all invaders from woodland and thicket and do not 
properly belong in the prairie. Likewise certain societies derived from the 
west or southwest, as Gutierrezia sarothrae , Grindelia squarrosa , and Artemisia 
frigida, are limited to the western edge or are altogether lacking. An excellent 
idea of the societies and clans of the subclimax prairie can be gained from 
ThombePs treatment (1901). This author gives a detailed account of aspects 
and treats the grouping and behavior of the subdominants on pages 54 to 95. 
This is followed by an account of the many quadrats in both list and chart 
form (pp. 95 to 136), and a phenological record of practically all the species for 
1899-1900 (cf. Gates 1912 : 300, 327). 
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STIPA-BOUTELOUA ASSOCIATION. 

Nature.- — Since the first recognition of a prairie and a plains formation 
(Pound and Clements, 1898 : 244; 1900 : 347) it has been assumed that the 
one passed into the other through a broad transition region. In the summer of 
1914 it was found that Stipa, Agropyrum , and Koeleria did not begin to yield 
to the short-grasses in the central Dakotas and Nebraska and then give way 
to the plains formation, as had been generally assumed. On the contrary, 
the three prairie dominants continued across the plains and into the foothills 
of the mountains of Montana, Wyoming, and Colorado (Clements, 1916 : 180). 
It was also found that, while Bouteloua , Bulbilis , and the two species of Carex 
became increasingly abundant, it was as an under-story in the tail-grasses, 
especially Stipa or Agropyrum. Moreover, where Bouteloua occurred as a 
pure consociation, or with Bulbilis, this was discovered to be the usual result 
of overgrazing. This has forced the recognition of a mixed association com- * 
posed of the dominants of both prairies and plains, but essentially prairie in 
its tail-grasses, numerous societies, and successional relations (plate 24). 

In order to test this assumption fully, the region has been crossed from east 
to west during 1915, 1916, and 1917, and in 1918 it was traversed from Col- 
orado to North Dakota on the west and from North Dakota to Kansas on the 
east. Especial attention was paid to the community relations of the dominants 
and the climatic and topographic correlations, particularly where the associa- 
tion touched the prairies and the short-grass plains. As a consequence, the 
conclusion has become unavoidable that these northwestern prairies represent 
a distinct association. They are not a transition community in structure, as 
they exhibit seven dominants in various combinations throughout the area. 
Nor are they transitional in position, since the short-grass plains lie south of 
them, while their major western contact is with the sagebrush formation. 
They are primarily prairie in character, since the tail-grasses are codominant 
throughout, the root systems are relatively deep-seated, and the numerous 
societies are Identical or similar in floristic and character to those of the true 
prairies. The most significant difference is the practically universal presence 
of one or more of the short-grasses or sedges as a lower layer. 

The constant association of Stipa or Agropyrum with Bouteloua or Bulbilis 
throughout the community is shown by the following summary: During 
1914 the climax grassland was studied in 88 localities east of the Rocky 
Mountains, and tail-grasses and short-grasses were associated as dominants 
in 83 of these. In 136 local stations the same grouping was found in all but 12. 
During 1915, of 76 localities visited, 73 showed both types. In 1916, of 65 
localities, 64 showed Stipa or Agropyrum with Bouteloua or Bulbilis . In 1917 
the number was 61 out of 64, and in 1918 tail-grasses and short-grasses were 
associated in 97 out of 100 localities. During the six years, without allowing 
for duplicate localities, at least one tail-grass and one short-grass were found 
together as dominants in all but 15 of the 393 localities studied. 

Effect of grazing and climatic cycles —The study of grazed and protected 
areas in 1914 disclosed the fact that Stipa and Agropyrum were much more 
readily affected by grazing than the short-grasses, and that Stipa in particular 
could be completely eliminated by overgrazing. During the succeeding years 
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a careful search was made for protected areas, especiahy along rahways m 
regions where Stipa or Agropyrum would be expected. The result 'was the 
discovery of one or both in or near practically all pure Bouteloua or Bulbihs 
communities found in the Dakotas, Montana, Wyoming, Nebraska, and 
Colorado. Similar results were obtained for both dominants over a large 
part of the sagebrush association from Oregon to Colorado, and for Stipa 
throughout California. Indeed, what was once the chmax association of 
£ ST the interior valleys from San Diego to Mount Shasta is now repre- 
sented by widely scattered relicts enabled to persist by chance protection. 

It was to be expected that such widespread response to grazing would have 
been noticed by other observers, and this has proved to be the case. Wham. 
(1898 : 54, 55) found that Agropyrum, when too closely grazed, made most o 
its growth by underground stems, and very few if any fertile culms were 
developed. He also observed that Stipa, when kept closely grazed, seldom 
seeded in quantity. Wooton (1912 : 58) says that Stipa pennata neomexicana 
and S. comata “are relished by stock and are of especial importance because 
they appear at a time when most of the other grasses are dead and dry. Appar- 
ently they do not reproduce readily and since they are now rarely allowed to 
go to seed, they are probably being gradually exterminated wherever stock 
can get at them.” The Forest Service bulletin on range grasses (1914 . 175) 
states that in parts of northern New Mexico Stipa comata is m danger of exter- 
mination because it is so closely grazed in spring and earlysummeithat it 
not given a chance to seed. Wooton and Standley (1915 : 66) make the 
following statement about these species: “Both are valuable range grasses, 
neither, however, reproduces well, but is soon killed by overstocking . 

by needle £tr£isscs. . . , 

The fact that Stipa and Agropyrum are taller and more conspicuous in we , 
seasons suggested the possibility that they were greatly reduced or lacking m 
dry years. Throughout the association, however, they proved as abundant 
and universal in the dry years, 1916 to 1918, as in the exceedingly wet year of 
1915 The only evident response to drought was a maiked reduction m he g 
and in the number of flower stalks, a reduction which affected Bouteloua as 
much as Stipa, though hardly as much as Agropyrum. ^ 
firmed by a scrutiny of reports on grassland m the Great Plains from 1889 t 
19 15 a nd by field notes from 1897 to 1918. All of these agreed in showing the 
constant association of tail-grasses and short-grasses throughout the region, 
not only for the wet phases of the three climatic cycles but for the dry periods 
as well.' Since the latter included two of the severest drouths recorded, it is 
certain that the tail-grasses and short-grasses are regularly codominants _oi 
the association, except where grazing interferes. In connection with the 
grazing experiments discussed later, peimanent protected quadrats have been 
established in representative areas of the association for the purpose of seem- 
ing an exact record of the effect of grazing and of protection, as well as of tne 
dry and wet phases of the climatic cycle (plate 24). 

Range.— The mixed prairies occur from central North and South Dakota, 
central Nebraska, and northwestern Kansas, throughout Montana and Wyo- 
Tning to the Rocky Mountains, and southward m Colorado along the foothi Ls 
of the Front Range. They extend well north into Saskatchewan and Alberta 
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and are known to have covered much of northern New Mexico before the 
period of intensive overgrazing. On the east, the association is found in more 
or less typical form at Medicine Hat in Saskatchewan, Minot and Mandan 
in North Dakota, Winner in South Dakota, and Long Pine and McCook in 
Nebraska. Along the west, it occurs from near Calgary, Alberta, southward 
to Lewiston and Billings, Montana, Douglas and Laramie, Wyo ming , and 
Colorado Springs and Trinidad, Colorado. Beyond the eastern limit, Bou- 
teloua and Bulbilis merely persist as alternes in xerophytic situations in the 
midst of the prairie. 

CONSOCIATIONS. 

Stipa comata. Stipa yibidula. Carex filifolia. 

Agropyrum GLAtrcciM. Bouteloxja gracilis. Carex stenophylla. 

Koeleria crxstata. Bulbilis dactyloides. 

The distinctive feature of the association is the intimate mixing of the tail- 
grasses and short-grasses. This is the direct consequence of their relative 
heights, the short-grasses regularly occurring as a layer beneath the tall ones. 
The persistence of this relation is explained by the fact that the roots of both 
types work at much the same level, and there is little opportunity for one to 
get more water than the other. Moreover, while the tail-grasses shade the 
others more or less, this is offset by their greater handicap from grazing. The 
constant mixture is conclusive testimony to the sufficiency of the rainfall and 
to the close equivalence of the two types of dominants. If the water relations 
and root penetration were such as Shantz (1911 : 32) has found in the short- 
grass plains at Akron, the tail-grasses would soon give way to short-grasses, 
especially during the dry phase. This has nowhere been found to be the case, 
and the vast area over which they live together not only speaks eloquently 
of their associational equivalence under the particular subclimate, but is also 
a compelling argument for the unity of the formation. 

Grouping.— At the edge of the association, the dominants tend to become 
pure and hence to alternate instead of mingling in layers. This is to be 
expected in the southwest, where it passes into the short-grass association, 
and on the west, where there is a broad transition to the sagebrush formation, 
since both of these mark drier climates in which the competition for w’ater is 
necessarily keener. Any one of the dominants may appear as a pure con- 
sociation over limited areas in such regions. Bouieloua and Bulbilis show 
this tendency chiefly on the southwest, and Stipa, Agropyrum , and Carex 
filifolia on the west. Nearly every possible combination of dominants occurs 
within the association, but certain ones are the rule. In eastern Wyoming, 
in Montana and western North Dakota, the ruling group is Stipa-Agropyrum- 
Bouieloua or SHpa-Bouteloua . In the moister region south and east of the 
Black Hills and through South Dakota to the Missouri River, Agropyrum - 
BulbUis-Stipa-Boutehm is the typical mixture. The essential basis of this 
is formed by Agropyrum and Bulbilis , and hence either of the other two may 
be lacking. Stipa in particular is much more general than appears to be the 
case in summer and autumn after it has been grazed down. Carex filifolia 
or C. stenophylla appears commonly in nearly all the groups but usually in 
reduced abundance. This is also true of Koeleria in less degree. Other fre- 
quent groups are Stipa-Koeleria-Bouteloua , Stipa-C arex-B otdeloua, Stipa * 
Bulbilis-Bouieloua, and A gropyrum-Bu Ibilis-Bouteloua. Combinations of four 
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or five dominants are often found over large stretches also. The most common 
are Stipa- A gropyrum-B outeloua-Bulbilis and Agropyrum-Stipa-Koeleria-Bou - 
teloua-Carex. Stipa viridula, as a sod-former, is the typical dominant of 
broad swales and shallow valleys. It is more or less subclimax in habit and 
hence is usually associated with Agropyrum . 

Sequence of dominants. — The factor correlations of the dominants have 
received little attention. For the present it must suffice to infer them from 
the topographic and successional relations, and to check this by reference to 
the behavior of the tail-grasses in the prairie and the short-grasses on the 
plains. This establishes a fairly definite and practical sequence, though, it 
is impossible to assign accurate values to the correlations with water-content, 
evaporation, and light. In addition to succession and topography, range, 
growth-form, and subclimax dominants, such as Andropogon , Calamovilfa, 
and Bouteloua racemosa , are all in agreement in indicating that Stipa viridula 
and Agropyrum are the most mesophytic and Bouteloua the most xerophytic. 
The actual sequence is (1) Stipa viridula, (2) Agropyrum , (3) Koeleria , (4) 
Stipa comaia , (5) Bulbilis, (6) Carex stenophylla, (7) C. filifolia , and (8) Bou- 
telona gracilis . While the rainfall is 5 to 10 inches less and the evaporation 
rate correspondingly greater than in the prairies, the water-content is but 
little lower, owing chiefly to the lessened transpiration resulting from a 
smaller population and a shorter season. This appears to be confirmed by the 
deep roots, even of the short-grasses, indicating a fairly adequate water- 
supply. It is the similarity of the root behavior which explains the close 
equivalence of the seven dominants, as shown by the fact that four or more 
frequently occur in the most intimate mixture and that practically every one 
has been found with each of the others. This also explains why pure consoci- 
ations are rare (plate 25). 

While the existence of the Siipa-Bouieloua association has not been recog- 
nized before, it is now clear that the bunch-grass formation and the grass 
formation of high prairies and plains of Pound and Clements (1898; 1900: 
354, 380-386) are essentially this association. Even at that time the close 
similarity with the true prairies was clearly recognized, as the following shows: 

“The foothill grass formation has much in common with the prairie forma- 
tion of region II. As one looks at the high rolling prairies in region IV cov- 
ered with Stipa comata, from a distance the carpet of Stipa , variegated with 
the profusely flowering astragali, lupines, and psoraleas which abound in it, 
appears to be a piece out of the familiar prairie of the eastern portion of the 
State.” 

This similarity is further emphasized by the fact that the societies are 
largely the same, as shown by the following list. 

SOCIETIES OF THE MIXED PRAIRIE. 

By far the major number of subdominants is the same for the Stipa-Koeleria 
and the Stipa-Bouteloua associations. This would be expected from the 
dominance of tail-grasses in both, indicating a deep penetration of water and 
roots and hence a favorable soil for deep-rooted herbs. The mixed prairies 
naturally lack such societies as Phlox pilosa, Baptisia leucophaea , Anemone 
canadensis , etc., which are typically eastern, and they have added a few from 
the west. The chief difference lies in the fact that the societies are less lux- 



A. Agroju/non gla ncimt-Boiilcloita gracilis association, \ crmejo Park, New Mexico. 

B. Detail of Agropijnun-Bulhihs association, W inner, South Dakota. 

C. Puhjgala alha society in Boideloua consociation, Inlcrior, feoutn Dakota. 







THE SHORT-GRASS PLAINS. 139 


u riant and less mixed, and the growth-form is smaller as a rule. It is also 
significant that most of the societies are found in the eastern half with a rain- 
fall above rather than below 15 inches. In the western portion the societies 
are better developed in the valleys and along the lower slopes, and are much 
reduced in number and dominance on the upland. 


l J rv:mrnal Societies . 

O tu ' '( tx pennsyl vani ea. 
Antcnnaria dioeca. 

Anemone patens. 
Lcucocriuuni montanum. 
Androsace occidentalis. 
Draba caroliniana. 

V* rnal Societies. 

Astragalus crassicarpus. 
Aragalus lamberti. 
Erysimum asperum. 

, Fragaria virginiana. 

% Viola pedatifida. 

1 Comandra umbellata. 

1 Vida americana. 
m Anemone oylindrica. 

M Sieversia ciliata. 

jf Achillea millefolium. 

| Bosadda americana. 

\ Sophora sericea. 

| Senecio aureus. 

I Sisyrizuihium augustifolium. 

Liihospermum Hnearifolium 
ft Castiiieia sessiliflora. 

1 Astragalus drummondii. 

■ Krynitzkia virgata. 

Agoseris cuspidata. 

. Estival Societies: 

Psoraiea temiiflora. 
Petalostemon candidus. 
Petalostemon purpureus. 
Amorpha canescens. 

; Psoraiea argophylla. 

I Brauneria pallida. 

Clycyrhiza lepidota. 

1 Lepachys colurnnaris. 

v Erigeron ramosus. 

'[ Tradescantia virginiana. 

? Polygala alba. 

f Lupinus ornatus. 

j Astragalus bisulcatus. 

Astragalus adsurgens. 


Estival Societies — continued. 
Delphinium menziesii. 
Yucca giauca. 

Helianthus rigidus. 
Monarda citriodora. 
Malvastrum coccineum. 
Erigeron pumilus. 

Rosa arkansana. 
Hymenopappus tenuifolius. 
Opuntia mesacantha. 
Opuntia polyacantha. 

Dalea Iaxiflora. 

Meriolix serrulata. 

Linum rigidum. 

Phlox douglasii. 

Pentstemon grandifiorus. 
Pentstemon gracilis. 

Aster ericoides. 

Gaura coccinea. 

Astragalus mollissimus. 
Gilia pungens. 

Gilia aggregata. 

Verbena stricta. 

Verbena hastata. 
Lygodesmia juncea. 
Hedeoma drummondii. 
Steironema ciliatum. 
Castilleia integra. 
Rudbeckia hirta. 
Haplopappus spinulosus. 
Psoraiea cuspidata. 
Balsamorhiza sagittata. 

Seroiinal Clans: 

Solidago rigida. 

Solidago missouriensis. 
Aster multiflorus. 

Artemisia frigida. 

Artemisia cana. 

Grindelia squarrosa. 
Gutierrezia sarothxae. 
Senecio douglasii. 
Artemisia filifolia. 


Serotinal Societies — conti nued . 
Liatris punctata. 

Chrysopsis villosa. 

Carduus undulafcus. 
Artemisia dracunculoides. 
Artemisia gnaphalodes. 
Artemisia canadensis. 
Kuhnia glutinosa. 
Eriogonum annuum. 
Thelesperma gracile. 
Thelcsperma trifidum. 
Eriogonum microthecum. 
Eriogonum alatum. 

Solidago speciosa. 

Liatris seariosa. 

Liatris pycnostachya. 
Gymnolomia multiflora. 

Vernal Clans: 

Delphinium penardi. 
Pentstemon albidus 
Spccuiaria perfoliata. 

Oxalis stricta. 

Oxalis violacca. 

Viola nuttallii. 

Estival Clans: 

Asclepias speciosa. 

Asclepias verticiilata pumila. 
Lactuca pulchella. 

Lathyrus ornatus. 

Psoraiea esculenta. 

Potentilla pennsylvanica. 
Evolvulus argenteus. 

Dalea aurea. 

Cactus viviparus. 

Acerates viridiflora. 

Allionia linearis. 

Gerardia aspera. 

Verbena bipinnatifida. 

Serotinal Clans: 

Solidago graminifolia. 

Liatris squarrosa. 


THE SHORT-GRASS PLAINS. 

BULBILIS-BOUTELOUA ASSOCIATION. 

Nature. — The short-grass plains owe their distinctive impress to grama and 
buffalo-grass. These are sod-formers with dense root systems. As Shantz has 
shown at Akron (1911 : 33), the water below 12 inches is non-available for 
much of the growing season, with the result that the roots are usually con- 
fined to the first foot of soil. 1 A further consequence is that the short-grasses 
mature in July. Thus, the soil beneath a short-grass cover is often without 
available water below 18 inches, and the water-content in the upper foot is 
low after mid -s umm er. As a consequence, the deeper-rooted tail-grasses and 
subdominant herbs are practically excluded and the typical short-grass cover 
is very uniform and monotonous as a result 


*Cf. Weaver, 1919, 1920. 
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Shantz (1. c., 62) has traced the succession in sandhills and in secondary 
areas, and finds that the depth of water penetration is the decisive factor 
In sandy soils, the deep-rooted Andropogons are dominant and with them 
occur many deep-rooted perennial herbs, such as Psoralea tenuiflora, Arte- 
misia filifolia, and Ipomoea leptophylla. With the entrance of Anstida pur- 
purea and the Boutelouas, the water is used chiefly m the 1 to 2 foot layer, 
and the deeper species gradually die out. As the Bouteloua sod becomes 
denser, Aristida and its associates disappear, and the short-grass climax is 
established. When the cover is destroyed by cultivation or overgrazing, the 
water penetrates more deeply, permitting the entrance of Anstida, Guher- 
rezia, Grindelia, Artemisia frigida, and other deeper-rooted species. With 
the return of the gramas, the depth of penetration decreases and the invaders 
are displaced. Shantz (1917 : 19) has lately shown that the secondary suc- 
cession in abandoned roads is due to the same cause, though Bulbilis largely 
takes the place of Bouteloua in effecting the return to the climax (plate 26). 

Range— The short-grass association ranges from southwestern Nebraska 
and the western half of Kansas through eastern Colorado into northwestern 
Texas, northern New Mexico, and Arizona. It is also developed to some 
extent in southeastern Utah and southwestern Colorado.. The chief dominant 
throughout is Bouteloua gracilis. In the eastern part its usual associate is 
Bulbilis dactyloides; in the western part it is Muhlenbergia gracilhma or 
Hilaria jamesii. In sandhill and foothill areas, it is often associated with 
Bouteloua hirsuta. The chief contacts of the short-grass plains are with the 
other associations of the grassland formation. On the north, m Colorado and 
Nebraska, they meet the mixed prairies, in Kansas the subelimax prairie, 
and in west-central Texas, central New Mexico, and Arizona the desert 
plains On the west this community comes in contact with the sagebrush 
association of the Great Basin, while throughout the Southwest generally 
it is frequent in parlc-like savannahs of pine and pinon-cedar. 

As already indicated, nearly pure communities of Bouteloua gracilis occur 
well outside the area outlined above. All of these appear to have resulted 
from the elimination of the tail-grasses by overgrazing. It is an open question 
what part grazing has played in the short-grass association proper. There is 
considerable evidence to show that Stipa and Agropyrum were more abundant . 
formerly, but whether they were sufficiently so to rank as codommants is 
uncertain. It is possible that a detailed survey of the short-grass region wilt 
settle this point, but it is more probable that an adequate idea of the original 
vegetation will be obtained only from the fenced quadrats established in con- 
nection with the grazing investigations. At any event, it is practically certain 
that grazing, especially in connection with the former annual movement oi 
cattle from the south to the north, has played an effective part in maintain- 
ing the characteristic short-grass cover. 

CONSOCIATIONS. 

Bouteloua gracilis. Muhlenbergia gracillima. 

Bulbilis dactyloides. Hilaria jamesii. 

Bouteloua hirsuta. 

Bouteloua gracilis is regarded as the chief consociation. It is almost uni- 
versally present throughout the association, though it varies considerably 
in abundance. It not only occurs mixed with each of the others and some- 
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times with two of them, but also as a pure dominant over large areas. Bui - 
UKs stands next to Bouteloua in importance, and the two, singly or together, 
constitute the fundament of the association. Bulbilis is largely restricted to 
the eastern part of the area, while Muhlenbergia and Hilaria are found c hi efly 
in the western. This results in a differentiation into two halves, an eastern, 
consisting almost wholly of Bouteloua and Bulbilis, and a western, made up of 
Bouteloua with Muhlenbergia or Hilaria . The former is typical of western 
Kansas and Oklahoma and the Panhandle of Texas; the latter is found in 
southern Colorado and the northern half of New Mexico and Arizona. 

Any one of the five dominants may appear as a pure community, but this 
is rare for Muhlenbergia and infrequent for Bouteloua Ursula . Hilaria often 
dominates extensive areas in New Mexico and Arizona, and in the Great 
Basin whom the sagebrush and short-grass are in contact. In the latter, 
especially, it is more or less subclimax in nature and mixes with Bouteloua 
gracilis as the climax is approached. Bouteloua Ursula is characteristic of 
sandy areas and rough gravel or limestone hills, and is most abundant in 
sandhills. While it is an important dominant in the desert plains association, 
it is secondary on the plains proper, and is often to be regarded as subclimax. 
Muhlenbergia is a fairly constant associate of Bouteloua gracilis in Colorado, 
New Mexico, and Arizona. It has been found in pure stands of considerable 
extent only in the latter. It bears much the same relation to Bouteloua that 
Bulbilis does, and hence rarely occurs with the latter. 

The. southern Great Plains are characterized by Bouteloua gracilis and 
Bulbilis dadyloides in varying relations. As a rule they are associated, but 
either may occur as a pure dominant. They may meet on nearly equal terms 
or may exhibit varying degrees of relative abundance. In the eastern portion 
of the association Bulbilis is usually controlling and Bouteloua secondary, 
though this relation is often reversed on the Staked Plains of Texas and New 
Mexico. From Colorado southward, Bouteloua is generally controlling and 
Bulbilis secondary. Where Bulbilis is predominant the sod is dense and the 
grama grass is scattered through it more or less abundantly. Grama typically 
forms an open sod, even where it is dominant, but the persistent sod habit 
of the buffalo-grass causes the latter to appear in compact mats a few feet 
to several yards or more in diameter. The open grama turf dotted with mats 
of Bulbilis is so characteristic over much of the Great Plains that it was sup- 
posed to be the rule. In the summer of 1918, however, buffalo-grass was 
found to be either controlling, and sometimes pure, or to meet grama on 
equal terms throughout southwestern Kansas and western Oklahoma. This 
is in accordance with the water relations, as discussed below. 

Grouping of dominants,— The groupings of short-grasses are relatively few 
and simple. Bouteloua gracilis is normally present in all of them and usually 
as the predominant species. Most of the groups consist of two dominants 
only, for example, Bouteloua-Bulbilis , Bulhilis-Bouteloua, Bouieloua-Hilaria, 
Bouteloua-Muhlenbergia , and Bouteloua gracilis-B. Ursula. Bouteloua gracilis 
also occurs with B. Ursula and Muhlenbergia , and with Hilaria and Muhlen- 
bergia. On the plains of Oklahoma and Texas, Bouteloua racemosa is a fre- 
quent associate of BuTbilis-Bouteloua and sometimes appears to be a codomi- 
nant, North and northeast of the associational area Bouteloua and Bulbilis 
become constituents of the mixed prairie, forming a layer beneath Stipa and 
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Agropyrum. In central Kansas they play a similar part, but usually occur 
with Andropogon. Toward the southern limits of the area, Bulbihs mixes with 
Hilaria cenehroides , H. mutica , and Aristida purpurea in Texas, and Bouieloua 
gracilis with B. eriopoda and A, purpurea in New Mexico and Arizona. 

When Bouieloua and Bulhilis meet the tail-grasses, both or either may 
become dominant as a result of overgrazing. There is increasing if not con- 
clusive proof that overgrazing is the cause of the pure areas of short-grass 
found in the mixed prairie from Saskatchewan to Kansas, and sometimes 
covering many square miles. The study of this problem has also led to the 
plausible ass ump tion that the widespread but erroneous belief in the dis- 
appearance of the buffalo-grass is likewise due to the changed conditions 
following settlement. The disappearance of the enormous herds of buffalo 
gave the tail-grasses a chance to reappear and to conceal the short-grasses 
beneath them. At least, it is undeniable that buffalo-grass and grama still 
grow abundantly in many places where they were said to have disappeared 
in the late sixties and early seventies. This also explains the frequent state- 
ment that the bluestexns and other tail-grasses entered the Middle West, or 
at least became much more abundant, after settlement began. A detailed 
discussion of this point may be found in Chapter VI. 

factor relations. — While the factor relations of the dominants have received 
almost no attention quantitatively, the habitat of the association has been 
studied by both Shantz and Weaver, The former (1911 : 32; 1906 : 28) 
found the average ehresard from June 7 to September 27 at a depth of 0 to 6 
inches to be 4.8 per cent, at 6 to 12 inches 2.7 per cent, at 12 to 18 inches 
1.25 per cent, at 18 to 24 inches 0.56 per cent, and at 24 to 30 inches 0.23 per 
cent. He also dealt with the distribution of the rainfall, and the relation of 
runoff, penetration, and evaporation to water-content. Weaver (1919) has 
measured the water relations on the plains at Colorado Springs, but it is 
probable that this area belongs to the mixed prairie rather than to the short- 
grass community. Briggs and Belz (1911) have made a thorough digest of 
rainfall and evaporation records for the West, which has much significance for 
the climatic relations of these contiguous associations. A study of their figures 
makes it clear why grassland goes little beyond the isohyete of 20 inches at 
the Canadian boundary, but extends to that of 25 inches in central Texas 
(fig. 3). The change from mixed prairie to short-grass plains, moreover, is 
in accord with the evaporation values for the respective regions. Over the 
northern Great Plains, these values are 30 to 39 inches, and over the southern 
they are 52 to 62 inches. 


Sequence of dominants. — The evidence drawn from both the habitat and 
from succession indicates that Bouieloua is the most and Bulbilis the least 
xerophytic of the dominants. This agrees essentially with their general dis- 
tribution, in that Bulbilis becomes more controlling to the east with increasing 
rainfall, or to the north with decreasing evaporation. As already noted, 
Bouieloua forms the matrix over most of the south-central Great Plains, and 
Bulbilis makes dense mats in depressions of all sorts, abandoned roadways, 
dry pools, playas, etc. The topographic evidence is fully confirmed by the 
suecessional, as Shantz has shown in the case of old roadways (1917 : 19), 
and is especially well exhibited in the playa subsere. While the playa is a 



A. Muhlcnbergia gracillima and Bovteloua gracilis , Manitou, Colorado. 

B. Detail of Boutcloua gracilis, Veimcjo Park, New Mexico. 

C. Hilaria jamesii on a saline plain, Delta. Colorado. 
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pondj it is bordered by a zone of bydroid ruderals and subruderals, followed 
by a broad band of pure buffalo-grass, the whole set in a matrix of grama. In 
the fall or in years of drought the pond dries to a bed of mud or moist soil, 
over which the ruderals extend, followed by the slower invasion of Bulbilis. 
When drought, cultivation, or drainage leads to the final drying-up of the 
playa, the buffalo-grass sooner or later takes entire possession. It is invaded 
at the same time by grama along the upper edge, but the ordinary drainage 
into the depression keeps the center more or less permanently in the Bulbilis 
stage. 

The other dominants are also subclimax to Bouteloua gracilis , and hence, 
in an arid climate, are somewhat more mesophytie. The equivalence of 
Muhlenber gia is very close to that of Bouteloua gracilis } while that of B. hirsute 
is less so. Even in the latter instance, the difference in requirements must be 
regarded as slight, since the two are often associated. As in all such cases, 
however, it must be home in mind that the mixing is due rather to the ability 
of B . gracilis to invade slightly better conditions than that of B. hirsuta to 
enter slightly poorer ones. While Hilaria jamesii is clearly subclimax, its 
factor relations are somewhat obscured by its more or less halophytic nature 
(plate 27). 


SOCIETIES. 


The density of the sod and the effect of the superficial roots upon water 
penetration explain the relatively small number of societies and the general 
lack of conspicuous or distinctive character. These factors naturally owe their 
effectiveness to the low rainfall, the average over much of the area being from 
10 to 15 inches, and to the high evaporation. As a consequence, while many 
of the subdominants of the other associations occur in the short-grass plains, 
they attain a relatively feeble expression, and then only where the dominants 
have been more or less disturbed. It is not at all infrequent to find a Bou- 
teloua plain stretching in all directions without a single conspicuous society to 
relieve the monotony. Wherever the soil becomes somewhat sandy or the 
rainfall greater, the water penetration increases correspondingly, and societies 
become more prominent. As a consequence, the actual number of subdomi- 
nants throughout the association is much greater than their diminished 
importance or extent would indicate. There are fewer mixed societies, and 
both the growth-form and abundance of particular subdominants are reduced. 


Prevernal Societies; 

Leucocrinum montamim. 
Anemone patens. 
Townsendia exscapa. 

Vernal Societies: 

Senecio aureus. 

Astragalus drummondii. 
Aragalus lamberti. 
Euphorbia robusta. 

Sophora sericea. 

Pentstemon unilateralis. 
Pentstemon coeruleus. 
Arenaria fendleri. 

Erysimum asperum. 
Lithospermum linearifolium. 
KrynitzMa virgata. 


Estival Societies: 

Psoralea tenuiflora. 
Petalostemon candidus. 
Petalostemon purpureus. 
Lepachys columnaris. 
Malvastrum coccineum. 
Opuntia polyacantha. 
Opuntia mesacantha, 
Lupinus argenteus. 
Thelesperma gracile. 
Carduus plattensis. 
Helianthus pumilus. 
Chrysopsis villosa. 
Polygala alba. 

Zinnia grandifiora. 


Estival Societies — continued. 
Astragalus bisulcatus. 
Ipomoea leptophylla. 
Gaura coccinea. 

Erigeron pumilus. 

Linum rigidum. 

Dalea laxiftora. 

Meriolix serrulata. 
Artemisia canadensis. 
Actinella richardsonii 
Haplopappus spinulosus. 
Hedeoma drummondii. 
Lepachys tagetes. 
Gymnolomia multiflora. 
Aster bigelovii. 

Aster tanaeetifolia. 
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Serotiml Societies: 

Artemisia frlgida, 
Gutierrezia sarothrae. 
Senceio douglasii. 
Grindelia aquarrosa. 
Carduus imdulatus. 
Artemisia dracunailoides.. 
Solidago missouriensis. 
Liatns punctata. 

Aster multiflorus. 

Kuhnia glutinosa. 
Vemonia baldwinii. 


Prevernal Clans: 

Cympoterus acaulis. 
Phellopterus montanus. 
Vernal Clans: 

Erigeron dagellaris. 
Lappula texana. 
Antennaria dioeea. 
Erigeron canus. 
Pentstemon jamesii. 
Physalis iobata. 

Allium cernuum. 
Astragalus lotiiiorus. 

THE DESERT PLAINS. 


Estival Clans: 

Lathyrus ornatus. 

Aster erieoides. 
Asclepias v. pumila. 
Cactus viviparus. 

E volvulus argenfceus. 
Dalca aurea. 

Potentilla Pennsylvania i 
Allionia linearis. 

Serotinal Clan: 

Eriogonum jamesii. 


A RLSTIDA-BOUTELOUA ASSOCIATION. 

Nature.- — The grassland of the Southwest derives its character primarily 
from Aristida and Bouteloua . In general appearance it closely resembles the 
short-grass plains, but the grasses are taller, more numerous, and the group- 
ings more varied. The sod-forming habit is much less developed. It is absent 
in Aristida and in Bouteloua rothrockii. While it is more or less evident in 
Bouteloua eriopoda, B. Mrsata, and B. bromoides, the sod has no continuity, but 
is broken into many small mats. Although this condition obtains in some 
parts of the short-grass plains, the sod is much more complete as a rule. No 
single species of this association possesses the importance shown by Bouteloua 
gracilis in the short-grass region. Probably Bouteloua eriopoda is to be regarded 
as the most dominant species of this genus, and A . purpurea , in its several 
forms, of Aristida . 

The close relationship between the two associations is shown by the long 
contact from Texas through New Mexico and Arizona and by their similar 
appearance^ They are also alike in their successional relation to such sub- 
climax dominants as Andropogon scoparius, A. saccharoides, and Bouteloua 
racenma . Their chief relationship, however, lies in the fact that certain 
dominants occur in both, although usually with different values. These are 
Bouteloua gracilis, B, hirsuia , Aristida purpurea , and Bulbilis dactyloides. 
B. gracilis may be more or less subclimax in nature and restricted to mountain 
valleys or it may be intimately mixed with B. eriopoda , hirsuta or racemosa. 
B. hirsuia is one of the important dominants, usually with B . bromoides or 
Hilaria cenchroides on foothills and on mountain slopes. Bulbilis usually 
occurs only in small scattered patches, except in Texas, where it meets Hilaria 
cenckiotdes, Bouteloua eriopoda , or Aristida purpurea on more or less equal 
terms. Aristida purpurea changes from subclimax to a climax dominant, 
especially important in Texas and New Mexico. The similarity as to societies 
ana clans is less than that between the prairies and plains, but this is due 
chiefly to the proximity to the original center of the flora. However, as the 
usts show, there is much agreement as to the genera concerned (plate 28). 

, , d t s ? rt p . s are in close contact with but one other association of the 

grassland formation, namely, the short-grass plains. It is probable that there 

a SeC01K c ? tact ’ ^ tlle Sti P a bunch-grass prairie of California, 

there / a T d r? gap betweei V brid ^ ed t0 a certain extent by Hilaria 
l B t ; If anc Bouteloua gracilis. The contact mentioned is from 
fenydei and Big Springs m the Staked Plains of Texas to Roswell and Socorro 



A. BouUdouo-II ilaria association, Empire Valley. Arizona. 

B. Boutcioua rolhrochii and AriMida dinuricata , Santa Hit a Reserve, Tucson, Arizona. 

C. Boufdoua racewosa consociation. Oracle, Arizona. 
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in New Mexico and to Prescott in Arizona. It was perhaps much broader 
at one time, as Bouteloua eriopoda still occurs in some abundance about 
Albuquerque and from Adamana to Winslow in Arizona. 

Bange. — The desert plains association extends from Snyder and Sweetwater 
in Texas on the northeast through the southern two-fifths of New Mexico 
; into southeastern and south-central Arizona. In Texas and New Mexico, it 

I is the typical community of the regions indicated, with saline associes in the 
lower valleys and the mesquite along the benches and upper levels. From 
[ southwestern New Mexico through southern Arizona, it occupies a broad 
? belt several to many miles wide around the major mountain chains, and 
covers the broad intermountain plateaus. Its general range in altitude is 
from 3,400 to 5,500 feet. 

I The association sweeps southward through Chihuahua, Sonora, and 
Durango into the high tablelands of central Mexico. It has received no 
^ ecological study beyond a few miles south of the boundary, and its nature and 

extent in Mexico must be inferred from floristic and grazing sources* The 
inference seems clear that Mexico is the real center of the desert plains grass- 
\ land and that it is richer in dominants and more varied in structure there than 

\ in the United States. This is confirmed by the fact that the best expression 

I' of the community is found in southern Arizona near the border. The extent 

of this grassland in Mexico is probably much greater than in this country, 
but nothing definite is known about it. 

The name “desert plains” is thought to indicate the nature and location 
of the association. As to the kind of grassland and topography, “plains” is 
clearly the best term to be applied. This conclusion is emphasized by the 
relationship with the short-grass plains. In addition, this is not only the 
characteristic grassland of the desert region of the Southwest, but it is also 
j in direct contact with the desert all along its lower edge. A further reason is 
I found in the fact that there exists a broad transition region between the 
scrub desert and the Aristida-Bouteloua grassland. Indeed, Larrea or Proso - 
I pis is scattered over so much of the latter that it has often been regarded as 
I mesquite rather than grassland. Finally, relict patches of Bouteloua roth- 
| rockii } Aristida divaricata , or Muhlenbergia porteri have been found in various 
protected places in the desert, at altitudes as low as 2,400 feet, especially at 
Tucson. These indicate that the desert grassland once extended well down 
into the scrub desert, and that it was replaced by scrub as a consequence of 
overgrazing. The significance of these relict areas is confirmed in some degree 
by the statements of stockmen to the effect that the desert was formerly well- 
grassed. 

CONSOCIATIONS. 

Bouteloua eriopoda. Bouteloua gracilis. Aristida californica. 

Bouteloua rothrockii. Bouteloua racemosa. Aristida arizonica. 

Bouteloua bromoides. Aristida divaricata. Hilaria cenchroides. 

Bouteloua hirsuta. Aristida purpurea. Muhlenbergia porteri. 

All of these may form pure consociations, but Bouteloua eriopoda and 
Aristida purpurea are the only ones known to do so for long stretches. Both 
are dominant over the northern and iow r er areas, particularly in New Mexico 
and Texas. In these they mix somewhat, but as a rule either one is much more 
important than the other wherever they occur together. The others rarely 
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form pure communities more than a few acres or at least a few miles ^in extent. 
Bouteloua roihrockii might be regarded as an exception to this, for while usually 
mixed with Aristida , it covers areas of several to many miles as a practically 
pure dominant. The most frequent groupings are those in which Bouteloua 
and Aristida occur together, probably because grazing favors the latter at the, 
expense of the former. 

Rank of dominants — The general rank of the dominants and some of their 
subclimax associates is indicated by the following table of occurrences in 
trans-Pecos Texas, southern New Mexico, and Arizona : 

Bouteloua eriopoda 56 Aristida californiea 4 

Bouteloua gracilis 40 Aristida adzonica 2 

Bouteloua racemosa 35 Hilaria cenchroides 10 

Bouteloua hirsuta 23 Muhlenbergia ported 9 

Bouteloua rothroekii 16 Hilaria mutica 33 

Bouteloua bromoides 8 Scieropogon brevifolius 23 

Aristida divaricata 28 Andropogon saccharoides . . . 15 

Aristida purpurea 20 Sporobolus flexuosus 11 

The abundance of a dominant is not necessarily in accord with its frequence. 
As a result, Bouteloua racemosa is less important than its occurrence indicates, 
while B. rothroekii , B. bromoides , and Aristida californiea are much more 
frequent. It is these species, moreover, which appear to be among the most 
characteristic of the grasslands of northern Mexico. The last four dominants 
of the list are all really subclimax, with the probable exception of Sporobolus 
flexuosus. This is particularly true of Hilaria and Scieropogon , which are 
typical of “swags” and other valley-like depressions throughout the Lorrea- 
Flourensia scrub. Both occur so frequently with Bouteloua , and especially 
B, eriopoda and B. hirsuta , that they can not be ignored in a treatment of the 
desert plains. This Hilaria-Scleropogon subclimax covers thousands of square 
miles from the Pecos River to central Arizona. 


Grouping of dominants. — While all the dominants range more or less 
throughout the association, with the exception of Bouteloua roihrockii and 
Aristida californiea , they vary greatly in importance and grouping in the three 
States. This depends upon the altitude and the distance from the center in 
Mexico. In Texas Aristida purpurea , in various forms, is the chief dominant 
at the lower levels; toward its northern limit it is much mixed with Bulbilis 
and Bouteloua gracilis as a lower layer. Hilaria cenchroides , B. eriopoda , A. 
divaricata , and Muhlenbergia porteri occur more or less frequently with it. 
In the mountain ranges of western Texas, from the Davis and Guadalupe 
Mountains to the Sierra Blanca, Bouteloua gracilis , B. eriopoda , and B. 
racemosa are the climax dominants, with which Aristida and Muhlenbergia 
occur more or less abundantly. Between these ranges lie extensive bolsons 
or bolson-like valleys, characterized in the center by Hilaria-Scleropogon 
swags in a more or less open scrub desert. The grama grasses extend far down 
the^ gradual slopes of the bolson, and mix with the subclimax grasses over a 

The chief dominant in New Mexico is Bouteloua eriopoda , often much mixed 
with Aristida purpurea , as in the valley of the Pecos. They occur abundantly 
on the marl hills north of Albuquerque with B. gracilis and Muhlenbergia 
graculima , and to a smaller degree in northern Arizona. All of the evidence 
available indicates that this is the northern edge of the ecotone and that the 


CLEMENTS 


Desert Plains 


PLATE 29 



A. Boutelo ua-Aristida association, Sweetwater, Texas. 

B. Bouteloua gracilis , Scleropogon brer if alius, and Hilaria mulica valley, B. eriopoda > 

gracilis, racemose hills, Van Horn, Texas. 

C. Bouteloua gracilis , hirsute., eriopoda, and Aristula divaricate , Jornada Reserve, Las 

Cruces, New Mexico. 
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region generally belongs to the short-grass association. The desert plains of 
southern and southwestern New Mexico are characterized by Hilaria and 
Scleropogon in the subclimax stage, and Bouteloua eriopoda in the climax. In 
the Jornada del Muerto the latter is usually associated with Sporobolus 
ftexuosus, and with 8. cryptandrus where the soil is somewhat more sandy. 
B. racemosa is not infrequent, but it is rarely dominant at this level. On the 
slopes of the Organ and San Andreas Mountains at 5,000 to 6,000 feet, the 
dominants are Bouteloua hirsuta , B. gracilis , and B. racemosa , with consider- 
able Aristida divaricata and little B. eriopoda . 

All of the 12 dominants occur -abundantly between elevations of 3,500 to 
5,500 feet in southern Arizona, and as a consequence the grouping is more 
varied and complex than in any other part of the association. Since all the 
dominants are present in northern and central Mexico as well, it is practically 
certain that the same groupings will be found there. The lowermost com- 
munity is typically Bouteloua rothrockii and Aristida divaricata , often with 
some A . purpurea and Muhlenbergia porteri. Aristida californica or A . 
arizonica may occur as a dominant with either B . rothrockii or B. eriopoda 
alone or together. Bouteloua eriopoda and Aristida divaricata are frequently 
associated also. Bouteloua bromoides tends to become controlling at 4,000 
feet and is often the major dominant for the next 1,000 feet, where its usual 
associates are B. racemosa and A . divaricata , with more or less B. hirsuta and 
B. eriopoda. This is the typical condition on the upper levels of the Santa 
Rita Range Reserve near Tucson. Hilaria cenchroides, Bouteloua hirsuta , 
and B . gracilis become abundant at about 4,500 feet and with B, bromoides , 
B. racemosa , and more or less Aristida divaricata , constitute the grassland 
until it gives way to the Andropogon community of the oak savannah at 
5,500 to 6,000 feet. Altogether, nore than 30 different groupings of the 
dominants have been found in Arizona; 9 of these consist of two dominants, 
12 of three, 8 of four, and 7 of five. These varying combinations furnish 
invaluable material for the determination of equivalences. 

Sequence of dominants —No study has yet been made of the habitat rela- 
tions of the desert plains grassland, and these must be inferred from the 
groupings and the topographic position, as well as the behavior under dis- 
turbance. No definite sequence can be suggested without factor measure- 
ments for such a large number of closely equivalent dominants, but certain 
general relations will serve as a helpful basis for future work. These have to 
do with altitude, topography, range, grazing, and succession. The chief 
dominants of lower altitudes are naturally those of the greater range northward 
in the association. These are Aristida purpurea , Bouteloua eriopoda , A. 
divaricata , and B. rothrockii. The most xerophytic of these is B. eriopoda , 
which finds its best development in southern New Mexico in a rainfall of 10 
to 15 inches, and the least xerophytic, A. purpurea, with a rainfall of 15 to 20 
inches in western Texas. At higher altitudes, B. hirsuta , B. bromoides , Hilaria 
cenchroides , B. racemosa , and B. gracilis are the dominant species. The first 
three mix intimately and probably are to be regarded as the most nearly 
equivalent of the many dominants. B . hirsuta is the only one of the three 
which ranges far to the northward, where it is a regular associate of B. gracilis 
in sandy soils. In the Empire Valley, and probably in the heart of the asso- 
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SOCIETIES. 


The desert plains have two groupings of subdominants. The most charac- 
teristic consists of those found in the heart of the association in southern 
Arizona and New Mexico. The second group comprises those found along 
the north, where the association meets the short-grass plains. The latter are 
those species which constitute the typical societies of the prairies and plains. 
While they are largely southwestern in origin, they have had time and oppor- 
tunity to migrate throughout the formation east of the Rocky Mountains. 
The more characteristic societies appear to be of relatively recent derivation 
from the Mexican center, and they are best represented in the region along 
the boundary. 

The desert plains resemble the short-grass plains in the relatively small 
number of societies, and especially of mixed societies. This is readily explained 
by the low rainfall over much of the area and the thoroughness with which 
the water available is utilized by the associated dominants of slightly different 
demands. Wherever the rainfall increases materially, as in the Aristida 
consociation of Texas or toward the mountains, the number and complexity 
of the societies increase also. 


Vernal Societies; 

Antennaria dxoeca. 
Cailiandra eriophylla. 
Astragalus bigelovii. 
Kraxneria secuixdiflora. 
Zinnia puroila. 
Eschscholtizia mexicana. 
Malacothrix fendleri. 
Lithospermum linearifolium 
Psilostrophe cooperi. 
Eriogonum abertiamim. 


Estival Societies : 

Psoralea tenuiflora. 
Petalostemon purpureus. 
Petalostemon candidus. 
Dalea laxiflora. 

Linuxn rigidum. 

Meriolix serrulata. 
Malvastrum coccineum. 
Tbelesperma gracile. 
Hymenopappus filifolius. 
Aster tanacetifolius. 


Estival Societies—- continued. 
Chrysopsis villosa, 
Eriogonum wrightii. 
Verbesina encelioides. 
Haplopappus gracilis. 
Yucca radiosa. 

Yucca baccata. 
Eriogonum polycladum. 
Gaillardia aristata. 
Lepacbys columnaris. 
Plantago elata. 


ciation generally, it is intermediate in requirements between B. gracilis and 
B, racemosa, which occupy valleys and north slopes, and B. bromoides and 
Hilaria which take upper slopes and tables. It mixes with the former in the 
valleys and runs up the slopes to mingle with the latter on equal teims. From 
a number of similar transects the sequence as to water relation seems to be 
(1) j B. racemosa, (2) J5. gracilis , (3) B. hirsuta, (4) B* bromoides, (5) Hilaria 
cenchmides. This corresponds well with the successional sequence, so far as 
known, and also with the climatic relations. 

In the secondary succession due to disturbance, and especially to grazing, 
it is apparent that the Aristidas are sub climax to the Bouielouas as a general 
rule. Overgrazing and trampling tend to destroy the more xerophytic species, 
such as B. rothrockii and B> eriopoda , and to permit the entrance of Aristida , 
especially A. divaricaia . Bouteloua rothrockii and Muhlenbergia ported are 
particularly susceptible to grazing injury and have consequently disappeared 
over large areas. Muhlenbergia , in fact, is rarely found at present, except in 
the protection of a catclaw or mesquite clump. A similar tendency for 
Aristida to replace Bouteloua occurs at the higher altitudes also, but is much 
less marked. One would expect disturbance to bring about the replacement 
of B. gracilis and B. hirsuta by A. purpurea , as is the case in the short-grass 
plains, but no important areas of this sort have been seen. A. divaricaia 
sometimes plays this role, but much less frequently than at lower levels. 
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Serotinal Societies: 

Gutierrezia sarothrae. 
Grindelia squarrosa. 
Isocoma hartwegii. 
Kuhnia rosmarioifolia. 
Vernonia baldwinii. 
Liatris punctata. 


Serotinal societies — continued . 
Artemisia gnaphalodes. 
Carduus unduiatus. 

Clans: 

Argemone platyceras. 
Aster ericoides. 


Clans — continued. 

Lesquerella fendleri. 
Lotus mollis. 
Evolvulus argenteus. 
Desmanthus jamesii. 
Hofmanseggia stricta. 


THE BUNCH-GRASS PRAIRIE. 

AGROPYRUM-STIPA ASSOCIATION. 

Nature. — The grasslands of the Northwest and of the Pacific coast differ 
from those already described in the characteristic bunch-grass habit of the 
do minan ts and in their relation to winter precipitation. The first visit to 
them in 1914 led to the suggestion that they were essentially prairies, resem- 
bling in many respects the climax prairies of the Missouri Valley. The 
difference in habit appears greater than it really is, since the prairies of the 
great s andhill region of Nebraska are characterized by bunch-grasses also. 
This association consists of tail-grasses, which are species of Agropyrum and 
Stipa, as in the eastern prairies. Three of the dominants of the latter, Stipa 
comata, Agropyrum glaucum, and Koeleria cristata, occur throughout the 
bunch-grass prairies, though the latter is the only one of much importance. 
Aristida purpurea is likewise important, especially in California, while Stipa 
triridula, Elymus sitanion, and Eriocoma cuspidata all play a part as subclimax 
dominants. Bouteloua gracilis and Bulbilis are the only ones of the great 
dominants of the formation that are rare or lacking. The closer relationship 
with the prairies shown by the dominants is explained by the fact of a fairly 
continuous connection on the north, while the bunch-grass prairies are 
separated from the plains by the wide stretch of the Colorado and Mohave 
deserts. This fact is further reflected in the societies and clans. In the 
Agropyrum consociation, the genera and many of the species of subdominants 
are identical with those of the mixed prairie. These generally change south- 
ward, and in southern California many of the genera and practically all of the 
species which form societies are different. However, it is difficult to draw 
exact comparisons here, since the relict areas of Stipa are too small to permit 
the original structure to reach full expression. 

Range. — The bunch-grass prairies find their best expression to-day in the 
Palouse region of southeastern Washington and adjacent Idaho. Typical 
areas also occur in northern and eastern Oregon, but these are only fragments 
of what were once extensive stretches. Cultivation, grazing, and fire have 
combined to destroy bunch-grass or to handicap it in competition with the 
invading sagebrush. In the form of outposts, this association is found east- 
ward in Montana to Helena and Livingston, in western Wyoming from Yellow- 
stone Park to the Green River region and southward through northwestern 
Colorado and northeastern and northern Utah. Over most of this region, it 
occurs on dry rocky hillsides surrounded by sagebrush, indicating that it 
formerly covered much larger areas. This is confirmed by the fact that 
burning or clearing the sagebrush from an area permits the development of 
typical bunch-grass prairie (plate 30). 

The southern part of the association is much more fragmentary, so much so 
in fact that it has had to be reconstructed from widely scattered relicts. The 
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Agropyrum and SHpa c ons°ciations meed m jjulto ^Sra?] grasses have 
California, though here „ rass i and The Stipa consociations 

almost completely destroyed the native ^ s d y ^ £ Bakersfield to 

seem formerly to have donated he and Cascade 

Mount Shasta and from the foothills oil the tmmi - success i ve 

nncrated to practically eliminate the original grasses. A special searcn 
w heS ml lofreliet pitches of Stipa during the pest three yeas, wrth 
t£ St “St Set are® hate been found more or less continuously or at 
frequent intervals from la Jolla and San D f8°, 

Weed Further information as to the original extent ox the Stipa pass a 
has been obtained from collections, ranges, the statements of early settlei , 
«nrl the accounts of earlier collectors and exploieis. ... . , 

The bunch-grass prairie passes so gradually into the mixed prairie m central 
Montana that^oTine can be drawn between them. This is readily understood 
when h is known that Stipa comata, Koeleria cristata , and Agropyrum gbucum 
occur in both, and that a large number of the societies are identical The 
change is marked chiefly by the appearance and increasing importance of 
Bmtelom, and the transfer of the major dominance 

to Stipa comata and Agropyrum glaucum. As already mentioned there us 
connection between the bunch-grass prairies, and the short-grass and deseit 
plains in the south. The Colorado and Mohave i Deserts have proved an 
effective barrier which was probably in existence before the Pleistocene. It 
thus appears probable that the bunch-grass prairies were derived from the 
northeast and spread southward along the Pacific Coast. 

CONSOCIATIONS. 

Agropyrum spicatum. Stipa sbtigera. 

POA TENUIFOLIA. SlIPA BMINENb. 

Festuca ovina. Stipa comata. 

Koeleria cristata. Elymus sitanion. 

The two most important dominants are Agropyrum spicatum and Stipa 
setia&ra The first is the major and often the exclusive dominant throughout 
tlufpalouse, southward into Oregon and California and eastward mto Idaho 
and Montana. The second is, or rather was, the great dominant throughout 
California, and it extends well into Oregon. The others are all secondary to 
these in importance. Festuca is the only other one which frequently makes 
pure stands, and there is some question as to its true relationship. It seems 
to attain the maximum development at higher elevations, as is tiue also m the 
Rocky Mountains, and to have recently made its way mto the bunch-grass 
prairies. However this may prove to be, it is impossible to ignore it as a 
dominant member of the latter (Weaver, 1917 : 42). In California, Stipa 
eminens stands next in importance to S. sehgera. It is usually mixed with the 
latter, but may constitute a pure community. Elymus sitanion has been 
found in pure stands also, but as a rule it is mixed with Stipa setigera or 
Agropyrum spicatum. Poa tenuifolia is a fairly constant associate of Agro- 
pyrum and Festuca, but is never a pure dominant. This appears to be the 
rule also for Koeleria and Stipa comata. They may be expected throughout 
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X. SUpa s etigera consociation in trackway, Fresno, California. 

B. Ai'ena fatua consocies, with relicts of Stipa sctigera and eminens , Rose Canyon, San 
Diego, California. 
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the association, but nowhere in it have they been found in pure communities. 
At the present, they are more characteristic of the Agropyrum-Festuca com- 
munity. 

The role of Agropyrum glaucum in the bunch-grass association is still in 
question. As a rule, it is subclimax in lowlands and especially in moist saline 
areas. In northern California and in Oregon, it often meets Stipa setigera 
or Agropyrum spicatum on what appear to be more or less equal terms. In 
the Hampton Valley in Central Oregon, the removal of the sagebrush results 
in the establishment of an A. glaucum sod instead of the usual bunch-grass 
community. In fact, repeated observations in Oregon and Idaho during the 
past summer indicate that Agropyrum spicatum frequently loses its bunch 
habit under certain conditions, and comes to be almost indistinguishable from 
for ms of A. glaucum. Through the same region, Elymus condensatus is a 
frequent associate of the bunch-grass. It reaches its best development in 
Bidine lowlands, however, and must be regarded normally as a subclimax 
dominant. Eriocoma cuspidata and Stipa spedosa likewise occur now and 
then with the dominants when the soil is looser or sandy, but they are clearly 
subclimax consocies of the xerosere. 

Factor relations and sequence. — The presence of a prairie of tail-grasses in a 
region with 10 to 12 inches of precipitation annually is due to several facts. 
Perhaps the most important is the bunch habit, which enables each plant to 
draw upon a relatively large area of soil for its water supply. The second is 
that 60 to 90 per cent of precipitation comes during winter, with the result 
that penetration and conservation of the water are at a maximum. As a 
consequence, the root systems are mostly deep-seated, and their efficiency is 
high. Along the coast of southern California, moreover, the low precipitation 
is offset by the high humidity and reduced evaporation to the extent that 
Stipa setigera and S. eminens reach a high development here. The best 
expression of bunch-grass prairies to-day occurs in that part of the Palouse 
with 15 to 25 inches rainfall (plate 31). 

Weaver (1917) has made a careful study of the physical conditions of the 
Agropyrum and Festuca consociations in this region, as well as of the root- 
systems of the dominants and subdommants. From June to beptember, at 
Colfax, the evaporation in the former averaged 8 to 10 c. c. higher than in the 
latter, while the water-content at 10 inches was 5 to 10 per cent lower. Since 
the differences between northeast and southwest slopes of the Festuca con- 
sociation were 9 to 10 c. c. and 5 to 12 per cent, respectively, it is evident why 
the two consociations are frequently mixed. As would be expected from the 
behavior in other associations, Koeleria stands close to Festuca in its water 
requirements, while Poa is somewhat more xerophytic than Agropyrum. 
These relations are confirmed by the successional sequence (Weaver, 1917 : 68). 
Of the Stipas, Stipa comata is the most mesophytic, followed closely by S. 
setigera and this by S. eminens. Elymus sitanion is more xerophytic than 
S. setigera and probably slightly more so than S. eminens. 

SOCIETIES. 

The bunch-grass prairies contain three groups of subdominants: (1) those 
derived from the mixed prairie; (2) those characteristic of the Washington- 
Idaho center; and (3) those found in central and southern California. The 




destruction of [the association over wide stretches and the fact that the 
societies have not been made the subject of definite study throughout the 
season render the following lists more or less provisional. It has been espe- 
cially diffic ult to determine the subdominants of the Stipa communities in 
California, as the fragmentary areas are almost completely overrun with 
annuals. The societies of such grassland areas at present are essentially the 
same as for the chaparral (p. 193). The following list for the Agropyrum- 
Festuca community of Washington and Idaho has been contributed by Dr. 
J. E. Weaver: 

Societies of the A gropyrum-Festuca community . 


Prevernal Societies: 

Carex geyeri. 

Erythronium grandifiorum. 
Claytonia linearis. 


Vernal Societies: 

Lupinus wyethii. 
Balsamorhiza sagittata. 
Leptotaenia multifida. 
Phlox speciosa. 


Estival Societies — continued. 
Lupinus sericeus. 
Gaillardia aristata. 
Achillea millefolium. 
Galium boreale. 

Arnica fulgens. 


Estival Societies: 

Wyethia amplexicaulis. 
Geranium viscosissimum. 
Astragalus arrectus. 
Astragalus collinus. 
Astragalus spaldingii. 
Castilleia lutescens. 
Helianthella douglasii. 
Lupinus leucophyllus. 
Lupinus ornatus. 


Serotinal Societies: 

Hoorebekia racemosa. 
Solidago missouriensis. 
Solidago serotina. 


Estival Clans: 

Carduus foliosus. 
Carduus palousensis. 
Potentilla convallaria. 
Potentilla blaschkeana. 
Sidalcea oregana. 
Penstemon confertus. 
Agoseris heterophylla. 
Agoseris grandihora. 
Eriophyllum lanatum. 


Prevernal Clans: 

Viola adunca. 

Ranunculus glaberrimus. 
Fritillaria pudica. 
Sisyrinchium grandifiorum. 


Vernal Clans: 

Synthyris rubra. 
Collinsia parviflora. 


Serotinal Clans: 

Hieracium scouleri. 
Aster fremontii. 

Aster levis geyeri. 
Erigeron corymbosus. 
Carum gardneri. 
Gentiana oregana. 


THE SAGEBRUSH CLIMAX. 


ATRIPLEX-ARTEMISIA FORMATION 


Nature. — The sagebrush climax owes its character to the dominance of 
low shrubs or bushes, of which Artemisia trideniata is the most important. 
It is essentially a scrub desert, in which the dominants seem to have acquired 
their distinctive vegetation-form as a rather recent adaptation to the arid 
climate itself. In other words, they are shrubby adaptations of herbaceous 
families, and not dwarf forms of shrubs or trees, as is true of chaparral and 
mesquite. The formation is regarded as composed of 17 dominants, of which 
11 belong to the Asteraceae , 4 to the Chenopodiaceae , 1 to the Polygonaceae , 
and 1 to the Lamiaceae, These families agree in showing a high systematic 
development, and doubtless the dominants owe some part of their success to 
the highly specialized one-seeded fruit typical of all of them. Their success 
is due even more largely to the acquisition of the woody habit in some degree 
at least, and especially to the accompanying ability to sprout more or less 
readily from the base. As a consequence, the sagebrush dominants are not 
only well adapted to their habitat, but they are also particularly well fitted 
to invade other habitats, wherever fire or other disturbance has weakened the 
hold of the occupants. The result has been a widespread extension of sage- 
brush into all of the contiguous formations, the grassland, desert scrub, 
chaparral, and woodland, and even into the pine consociation of the montane 
forest. These transitions are often very broad, and hence the actual delimita- 
tion of the formation on the map is a matter of peculiar difficulty. They also 
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give the sagebrush a varied aspect, and seem to call in question its value as a 
distinct formation, especially in hilly and mountainous country, where it 
mixes or alternates constantly with fragments of other climax communities. 
As is shown below, however, the great central mass of the community leaves 
no doubt as to its formational unity and rank. 

Unity of the formation —The geographical unity is greater than that of 
most other climaxes in that the sagebrush occupies a natural physiographic 
unit, the Great Basin. While the most representative species, Artemisia 
tridentata, extends far beyond the limits of the latter, the formation proper 
does not. The Great Basin is likewise a climatic unit, and hence naturally 
corresponds to its climax. It is hemmed in by the high mountains, and con- 
tains by far the most extensive area with 5 to 10 inches of rainfall to be found 
on the continent. The general rainfall limits are from 5 to 15 inches in the 
interior, though to the eastward sagebrush mixes with or yields to grass as the 
rainfall rises above 12 inches (fig. 5). * 
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Fig. 5.— “Monthly and total rainfall for representative localities in the Basin sage- 
brush association. 


With respect to the component species, the unity of the climax is proved by 
such widely ranging dominants as Artemisia tridentata , Chrysothamnus 
nauseosus , Atriplex confertifoliaj A. canescens , Gutierrezia sarothrae , and 
Eurotia lanaia . Of the 17 dominants, only 4 fail to occur throughout the 
central mass of the formation as indicated by the limits of the Great Basin. 
As to origin, the formation is characteristically southwestern. The main 
body of dominants, which constitute the Atriplex-Artemisia association of the 
Great Basin, seem to have moved northward at an early period, perhaps 
before the Pleistocene, though they have probably undergone considerable 
differentiation since that time. A more recent lateral development has pro- 
duced the Salvia-Artemisia association of southern California and Lower 
California. The latter found itself between the chaparral on the one hand 
and the rapidly desiccating desert on the other, and has covered but a limited 
area in comparison with the main association. Its relationship, however, is 
clearly indicated by its frequent contact with Artemisia tridentata , and espe- 
cially by its occupying the same position between the desert scrub or grass- 
land and the chaparral formations that the Atriplex-Artemisia association 
does. The fioristic unity of the formation is conclusively indicated by the 
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fact that Artemisia irideniaia has been found in 314 of the 416 localities where 
the community has been studied. 

The ecological unity of the climax is due especially to the fact that all of the 
17 dominants are half-shrubs or bushes. They range in height from an average 
of 3 to 5 feet in Artemisia tridentaia, A . calif ornica, Chrysothamnus nauseosus, 
Atriplex canescens, Eriogonum fasdculatum, and Salvia mellifera , while in 
Artemisia trijida, Gutierrezia , and Eurotia the range is 1 to 2 feet. They are 
typically deep-rooted, and this, with their bushy habit and perennial woody 
stems, accounts for their success in competing with other dominants. For 
their region, most of them have a further advantage in being able to endure 
a more or less highly saline soil. The close similarity in their nature and 
requirements is shown by the fact that they are replaced by such turf-forming 
grasses as Agropyrum, Bouteloua , and Hilaria , wherever conditions permit 
the formation of a sod. All of the dominants, without exception, are marked 
xerophytes in which transpiration is decreased by reduction of the leaf-surface, 
a hairy epidermis, or succulence. This similarity in habit is confirmed by their 
association. While the sagebrush in particular forms pure stands, mixed 
communities are the rule. Of the 416 communities studied, 145 contained 
two dominants and 143 contained three; in 44 there were four, in 5 five, and 
in 1 six, or a total of 339 mixed communities in contrast with 75 pure ones. 

Successionally, the sagebrush climax is perhaps more uniform than any 
other formation. This is due to the low rainfall, the high evaporation, and the 
rapid drying-out of bodies of water. Since its area is a great intermountain 
basin composed of several smaller lake basins, the lakes and ponds are either 
saline or they form salt marshes as they dry out. As a consequence, the 
typical succession is the halosere, originating in salt marshes, or on the saline 
shales and clays, which are especially frequent. In fact, the successional 
correlation of the serai and climax dominants is so fundamental that the 
development of a local subclimax of Atriplex and Artemisia occurs widely 
throughout the Bad Lands of the Great Plains and the prairies, in spite of the 
fact that these are several hundred miles from the sagebrush climax proper. 

Range. — It is impossible to draw the limits of the sagebrush climax with 
accuracy, owing to the extent to which it mixes with contiguous formations. 
The general tendency is to use the conspicuous dominants, such as Artemisia 
tridentaia and A . cana, to outline its area, but these extend far beyond the 
limits of the formation proper. Since ecotones are areas in which dominants 
meet on more or less equal terms, it follows that the limit of a particular 
climax must be drawn at the line where it is still controlling. As a matter of 
convenience, a formation is called dominant where it covers three-fourths of 
a particular area or region. Outside of this climax mass occur many outposts 
of the community as well as of individual dominants, but these are merely 
expressions of topographic or climatic diversity in the area of adjoining cli- 
maxes. For example, the erosion valleys of the Bad Lands of northwestern 
Nebraska are covered with luxuriant sagebrush, but this is really subclimax 
to the mixed prairie which ultimately replaces it (plate 32). 

If the limits are set as indicated above, the sagebrush climax will include 
all of Nevada except the southeast, practically all of Utah, Colorado west of 
the Continental Divide, central and southwestern Wyo min g, a part of south- 
western Montana, all of south-central Idaho, Oregon south of the John Day 



Artemisia tridentala consociation, Henefer, Utah. 
.4. tridentala consociation. Garland, Coloiado. 
A. arbuscvla consociation, Evanston, Wyoming. 
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Valley and east of the Cascades, and California east of the Sierra Nevada. 
Disregarding the interruption due to isolated mountain ranges, this consti- 
tutes the largest central mass exhibited by any formation west of the prairies 
and plains. Tongues of sagebrush stretch out from this mass into eastern 
Montana, central Colorado, northern New Mexico, and Arizona, southern 
California and Mexico, while climax outposts are found in southeastern 
and eastern Washington, and even in southernmost British Columbia. These 
are practically all extra-regional, persisting because of peculiar local con- 
ditions or because the proper climax has not yet occupied all of its climatic 
region. 

Subclimax sagebrush. — Much if not all of this marginal portion of the for- 
mation is subclimax in nature . This seemsto be true also of long stretches which 
are apparently an intrinsic part of the central mass. This relation is obvious 
where sagebrush comes in contact with the true woodland climax or with the 
montane forest, because of the dominating relation of the trees. It is less clear 
in the case of transitions between sagebrush and chaparral or desert scrub, 
where the dominants are more nearly of the same size and nature. In such 
instances, the mixed community not only seems but actually is a fairly per- 
manent community, of which the real climax relationship can only be deter- 
mined by prolonged study. 

The longest contact of the sagebrush is with grassland. It meets the bunch- 
grass prairies in Washington, Oregon, Idaho, Montana, and Utah, the mixed 
prairies in Montana, Wyoming, and Colorado, and the short-grass plains in 
western Colorado, northern New Mexico and Arizona, and southeastern 
Utah. The ability of the sagebrush and grassland to live together is shown 
not only by the very broad transition between them all along the line of con- 
tact, but also by the fact that such dominants as Agropyrum glaucum and 
Stipa comata are found more or less abundantly throughout the climax area 
of the formation. 

The actual relation between sagebrush and grasses is readily disclosed 
wherever sagebrush has been cleared and often also where it has been burned. 
When the short subsere which results ends again in sagebrush after a few years, 
the area may well be regarded as a part of the sagebrush climax. This can 
usually be anticipated by the vigor with which the shrubs form root-sprouts, 
as well as by the failure of the grass dominants to appear in abundance during 
the first two or three years. If the grasses do develop abundantly during the 
first few years and especially the first year, so that they dominate the root- 
sprouts of the shrubs, the area is to be regarded as belonging to the grassland. 
Examples of this sort have repeatedly been found since 1913 in what appeared 
to be typical sagebrush areas. Festuca ovina , Agropyrum glaucum , and A. 
spicatum have frequently been found to replace cleared or burned sagebrush in 
Oregon. Agropyrum glaucum and Stipa comata have been seen in the same 
role in many parts of Idaho, northern Utah, and southwestern Wyoming. In 
addition, the grass dominants have been found killing out the sagebrush as a 
direct result of competition for water. This is not surprising along the 
eastern edge in Wyoming where the grasses have a definite climatic advantage, 
but it is unexpected in Utah and Nevada, where the advantage is reversed. 
Sagebrush has been seen nearly dead or dying as the result of water com- 
petition with Agropyrum glaucum , A . spicatum , Bouteloua gracilis , and Stipa 
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comata. Atriplex canescens shows a similar behavior where Boutelom forms a 
closed sod, and A. confertifolia wherever Hilaria jamesii tends to become domi- 
nant. The evidence of the replacement of sagebrush by the grasses during 
the dry years of 1917 and 1918, either as a result of fire or clearing, or in conse- 
quence of competition, has been so abundant as to indicate that a broad mar- 
ginal belt of the climax is really subclimax, or at least tends to become such 
during the dry phase of the climatic cycle. This subclimax belt is from 100 to 
300 miles wide and extends all along the grassland contact from Oregon to 
Montana and from Wyoming to Arizona. If placed under proper treatment, 
it is felt that it can again be converted into the original grassland com- 
munity. The significance of this for grazing is indicated in Chapter VI. 

The conversion of contiguous grassland into sagebrush has undoubtedly 
been caused by overgrazing during the past fifty years, aided in a large meas- 
ure by repeated fires. This is confirmed not only by evidence of the con- 
trolling part formerly played by grasses in regions now covered by sagebrush, 
but also by the persistence of the grass covering in areas more or less pro- 
tected. This is particularly the case in the John Day Valley of eastern Oregon, 
where the original Agropyrum spicatum is almost completely displaced by 
Artemisia tridentata over the range generally, while it persists in its former 
dominance on rocky or inaccessible slopes. More recent evidence is afforded 
by pastures in which Agropyrum has practically disappeared and weeds 
abound, while contiguous protected areas show the pure stand of grass. 

Associations. —The sagebrush formation is composed of two communities, 
the Atriplex-Artemisia and the Salvia-Artemisia association. When the 
climax formation was first recognized, it was supposed that it consisted of a 
single association, the Atriplex-Artemisia halium. In attempting to determine 
the relation of sagebrush to chaparral in California, it was found that the 
community formed by Artemisia californica, Salvia, and Eriogonum fasd- 
culatum showed a closer relationship to sagebrush than to chaparral. T his 
was first suggested by its constant position below the true chaparral and by 
its more xerophytic nature. Further study showed the frequent contact 
with the Artemisia tridentata association and confirmed the evidence afforded 
by the similarity of the vegetation-forms with that of the sagebrush, and not 
the chaparral. This was further supported by the discovery that the Cali- 
fornia association bore the same relation to the Stipa grassland that the Great 
Basin association does to the grasslands that touch it. As a consequence, 
while the Sahna-Artemisia association is of limited extent in comparison with 
the main association, it possesses all the characteristics of a distinct but 
related community. It is less conspicuous because it has been more generally 
disturbed by fire and overrun by such ruderal grasses as Arena and Bromus. 
In protected areas where it retains its original character, it displays a marked 
resemblance to some communities of the main association. 

THE BASIN SAGEBRUSH. 

. ATRIPLEX-ARTEMISIA ASSOCIATION. 

Range. Most of what has been said of the climax formation applies in 
particular to this association. It covers the whole of the climax region, 
except southern California and Lower California, and its outposts extend 
into British Columbia, North Dakota, Kansas, and Mexico, as represented 



A. Subclimax sagebrush in badland valleys, Hat Creek, Nebraska. 

B. Alt ernes of Artemisia and Kochia, Strevell, Idaho. 

C. Sarcobatus, Chrysolhamnus , Atriplex and Artemisia , Yale, Oregon. 
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by Artemisia tridentata ^ A „ cana } and Gutierrezia. Few other associations of 
the West exhibit such a large number of dominants or such a variety of group- 
ings. It is also the most xerophytic of all climax associations, with the excep- 
tion of the Larrea-Prosopis desert, and is unique in its general halophytic 
character. The greatest development of dominants is in the climax mass, 
from which they shade out toward the margins, being represented in the out- 
post communities by a single species. The haloid dominants are the least 
extensive, and the lower non-haloid forms, such as Gutierrezia , have the 
widest range. In fact, A, cana, A . trifida , Euroiia lanata , and Gutierrezia 
saroihrae are so completely at home in the mixed prairies or short-grass plains 
that it has seemed desirable to treat them as societies where they occur in 
these associations. Like most of the western associations, the sagebrush has 
received little quantitative study as yet, and it is possible to deal only with its 
outstanding features and to suggest some of its more obvious correlations. 

CONSOCIATIONS. 

Artemisia tridentata. Artemisia cava. Gratia spinosa. 

Atriplex confertifolia. Artemisia arbuscula. Gutierrezia sarothrae. 

Chrysothamnus nauseosus. Artemisia trifida. Tetrad ymia spinosa. 

Chrysothamnus yiscidiflorus. Artemisia rigida. Eurotia lanata. 

Atriplex canescens Artemisia spinescens. 


The most important as well as characteristic of all the dominants is Arte- 
misia tridentata. It is also one of the most widespread, ranging from Saskat- 
chewan to Nebraska, Mexico, California, and British Columbia. In this 
respect it is equaled by Eurotia lanata and Chrysothamnus nauseosus , and 
excelled by Gutierrezia sarothrae , which extends eastward to central Kansas. 
Atriplex canescens is of nearly as wide range, but it appears to be lacking in 
Canada. Atriplex confertifolia and Chrysoiha?nnus viscidiftorus are somewhat 
more limited, as is the case with Grayia spinosa , Artemisia cana , and the 
remaining species of Artemisia . Naturally, the range of these as climax 
dominants is much more restricted, and is almost wholly confined to the 
Great Basin proper (plate 33). 

Rank and grouping.— The number of dominants in the association is so 
large and their equivalences so close that a large number of groupings occur. 
In the endeavor to determine the relative importance of the dominants and of 
the various mixtures, a summary has been made for all localities visited in 
the sagebrush association in 1907, 1909, and from 1913 to 1918. The total 
number of localities was 416, including a few duplicated in different years. 
The sequence of the various dominants is shown by the following table: 


Total number of localities 

A rtomisia tridentata 

Atriplex confertifolia 

Chrysothamnus 

Atriplex canescens 


418 

314 

142 

140 

50 


Grayia spinosa 54 

Gutierrezia sarothrae 45 

Tetradymia spinosa 37 

Eurotia lanata 15 


Artemisia spp. (except A. tridentata) . 61 


Artemisia tridentata was found 60 times in pure stands stretching over many 
miles, often for 20 to 30 miles without interruption. _ Atriplex confertifolia 
was met but 10 times in extensive pure areas, though it is very often found 
on hillsides and mountain slopes in pure communities a few miles long. While 
the more halophytic and hence subclimax species of Chrysothamnus make 
pure stands, sometimes covering several to many square miles, the climax 
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ones are regularly found in mixture, or as narrow band-like alternes. Arte- 
misia cana has several times been met as a pure zone below A . iridentata , 
but it is much more frequent in the mixed prairies. The tendency to form 
pure stands of small extent is naturally more marked outside of the climax 
area, since the other dominants of similar equivalence are usually lacking. 

In spite of the major dominance shown by Artemisia iridentata, the associa- 
tion is typically mixed in character. Of 406 instances, pure stands occurred 
in but 75, while 331 were mixtures. Two and three dominants are the rule, 
the former occurring in 142 cases, the latter in 139, Four dominants were 
found in 44 localities, five in 5, and six in 1. The frequency of the most 
important groupings is as follows: 


Artemisia tridentata-Airiplex confertifo- 

lia, alone 24 

A. fcridentata-A. confertifolia, with other 

species 74 

A. tridentata-Chrysothamnus nauseosus or 

C. viscidiflorus 31 

A, tridentata-Chrysothamnus, with others. 79 
A. tridentata-Grayia =*= others 41 


A.tridentata-A. confertifolia, Grayia=*= others 18 
A. tridentata-A. confertifolia, Chrysothammis 


* others 23 

A. .tridentata-Gutierrezia * others 30 

A. tridentata-A. canescens 28 

A, tridentata-Sarcobatus =fc others 23 

A. confertifolia-Grayia =±= others, but no A. 
tridentata 10 


Correlations. — The dominants of the sagebrush association show the most 
striking relation to the amount of salt in the soil. While they are essentially 
xerophytes, the water relation is so obscured by the presence of salt that the 
specific requirements and the successional sequence are most readily indicated 
by the latter. Our knowledge of the salt relations of the dominants is due 
chiefly to the work of Kearney, Briggs, Shantz, McLane, and Piemeisel 
(1914), and of Shantz (Clements, 1916:237). The most saline of the species 
considered here is the subclimax Sarcdbatus vermiculatus with a mean of 0.8 
per cent. Airiplex confertifolia possesses a mean of 0.5 per cent and Arte- 
misia tridentata of 0.04 per cent. Grayia, Tetradymia, Airiplex canescens , and 
Artemisia spinescens center about Atriplex confertifolia, while Chrysotkamnus 
nauseosus , C. viscidiflorus, Eurotia , Gutierrezia, and the several species of 
Artemisia resemble the sagebrush more nearly. In spite of the excellent work 
which has been done in the salt relations of the dominants of the sagebrush 
association, these results do not suffice to explain their varied groupings, nor 
are they in full harmony with what seems to be the successional sequence. 
When two deep-rooted species, such as Artemisia iridentata and Sarcdbatus 
vermiculatus are found 23 times in intimate mixture, this relation does not 
seem consistent with the mean salt-content for each. This discrepancy appears 
even more striking in the case of Artemisia tridentata and Atriplex confertifolia , 
which occur intimately associated in 98 localities. This relation is further 
complicated by the fact that Artemisia tridentata not only occurs in 278 of the 
338 mixed communities, but is also repeatedly associated with every one of 
the saline dominants from Sarcdbatus to Atriplex canescens . As a consequence, 
it seems certain that we are not at the bottom of the salt relation. For a 
complete understanding, it will be necessary to determine the root relations 
of each dominant alone as well as in mixed stands, and to ascertain the 
extremes of salt-content for it in the various mixed communities and at the 
different working levels of the roots as well. Here, as everywhere else, the 
behavior of the plant or community must be accepted as conclusive as to the 
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equivalence and sequence, and the instrumental results as of secondary 
importance. The latter are indispensable but never paramount. 

Successional sequence. — A question naturally arises as to the possibility 
of succession in a region of such low rainfall and in basins of such high salt- 
content. Shantz (1916 : 235) has shown conclusively that succession is a 
normal process, even in the most saline areas about Great Salt Lake: 

“ Two lines of development are initiated by the Allenrolfea association. The 
more natural line is brought about largely by the gradual lowering of the 
ground-water level. As a result water is less and less supplied from the ground- 
water, and more and more from the surface as rain. Allenrolfea , when the 
ground-water is not too close, is gradually replaced by Sarcobatus , Suaeda 
moquinii may follow Allenrolfea and be replaced in turn by Sarcobatus. As a 
rule, Sarcobatus and Suaeda are mixed, the former being the most important 
plant. Sarcobatus , which often forms a pure association in this valley, usually 
forms a scattered growth, the interspaces being occupied by Atriplex. This 
mixed association finally gives way to pure Atriplex when the ground-water is 
no longer within the reach of Sarcobatus roots. The Atriplex association is not 
readily replaced in the Tooele Valley. The soil is rather strongly alkaline 
and is very slowly leached. No permanent type of vegetation stands between 
this and the alkali-avoiding Artemisia in this Valley. Artemisia and Atriplex 
are not sharply separated at the ecotone, and, although Artemisia is never 
luxuriant along this line, there is no doubt that it is gradually replacing the 
Atriplex as the conditions become more favorable for plant growth. 

“ Kochia , which occurs on land of unusually heavy texture, represents the 
most extreme conditions in the Valley in regard to the shortage of water, and 
indicates the presence of 0.5 to 1 per cent salt below the first foot. The run-off 
in this land is very great, and it is very slowly leached. If a salt flat could be 
lifted above the level influenced by ground-water, and slightly leached, 
especially in the surface foot, the conditions would be very similar to those in 
the larger Kochia areas of the Valley. Since such conditions are not markedly 
different from Atriplex land, Atriplex is slowly advancing along the broad 
ecotone. In time, Atriplex will probably replace much of the Kochia. The 
ecotone between Kochia and Artemisia is very sharp, and a great change occurs 
in salt-content and the physical texture of the soil. When water drains over 
land of this type, and where unusual leaching occurs, Artemisia enters directly 
on Kochia land. This is due to the proximity of the Artemisia and Kochia 
areas. A more natural change would be from Kochia to Atriplex , and from 
Atriplex to Artemisia. 1 

This account conforms essentially to the course of the halosere throughout 
the sagebrush association. Sarcobatus and Chrysolhamnus n. glabratus are the 
chief subclimax dominants in saline valleys, though this role is usually taken 
by Atriplex corrugata and A . nuttallii over the extensive gumbo plains derived 
from such deposits as the Mancos and Steele shales. These are followed by 
Tetradymia spinosa and this by Atriplex conferiifolia , or by Chrysolhamnus 
nauseosus. The latter is next invaded by Grayia in some regions, and by such 
low Artemisias as A. trifida or A. arbuscula in others. In still other areas, 
Atriplex conferiifolia is followed directly by Artemisia trideniata. often with 
more or less Eurotia } Atriplex canescens , Chrysolhamnus visddifiorus , or 
Gutierrezia. The general sequence, more or less modified by local conditions, 
recurs in hundreds of valleys throughout the association. It not only con- 
firms the successional movement, but explains the characteristic mixing 
throughout (plate 34). 
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SOCIETIES. 

These are poorly developed in the climax portion generally, but they 
become more and more abundant through the marginal subclimax zone leading 
to the adjacent formations, particularly the grassland. This is readily 
explained by the fact that the sagebrush societies are largely drawn from the 
grassland associations, and hence the two groups are similar to a large degree. 
The sagebrush likewise contains a number of grasses derived from the various 
grass associations. These play a role essentially similar to that of societies, 
though they are properly to be regarded as extra-formational examples of the 
particular consociation. The societies peculiar to the sagebrush are largely 
constituted by halophytic species which persist from the sub climax Pure 
stands of Artemisia tridentata^ are to be regarded as the final condition of the 
climax. They are characteristically dense and closed, and are often prac- 
tically destitute of other species, except for a few plants of such ruder a ls as 
Sisymbrium altissimum, Lepidium perfoliatum, and Bromus tectonm. The 
latter regularly simulate striking societies over large areas, but they are 
properly understood as pioneer annuals of a subsere due to fire or grazing, or 
usually to both. B ’ 


Grass Communities appearing 
as Societies : 
Agropyrum spieatum. 
Agropyrum glaucum, 
Stipa comata. 

Stipa viridula. 

Festuca ovina. 

Elymus condensates. 
Koeleria cristata. 
Bouteloua gracilis, 
Hilaria jamesii. 

Aristida purpurea. 
Elymus sitanion. 
Eriocoma cuspidata. 

Vernal Societies: 

Anemone patens. 
Antennaria dioeca. 
Anemone giobosa. 
Sieversia ciliata. 
Potentilla arguta. 
Astragalus flexuosus. 
Astragalus drummondii. 
Astragalus crassicarpus. 
Allium cernuum. 

Seneoio fendleri. 
Comandra umbellata. 


Vernal Societies-— continued. 
Aragalus speciosus. 
Aragalus deflexus. 
Erysimum parviflorum, 
Krynitzkia virgata. 
Heuchera parvifolia. 

Estival Societies: 

Balsamorhiza sagittata. 
Balsamorhiza deltoidea. 
Castilleia miniata. 
Acliillea millefolium. 
Cprdylanthus wrightii. 
Linum perenne. 

Opuntia polyacantha. 
Opuntia mesacantha. 
Eriogonum umbellatum. 
Calochortus gunnisonii. 
Allium cernuum. 
Potentilla pennsylvanica. 
Potentilla Mppiana. 
Potentilla gracilis. 

Galium boreale. 

Erigeron canus. 

Erigeron pumilus. 
Eriogonum racemosum. 
Pentstemon confertus. 


Estival Societies — continued. 
Pentstemon unilateralis. 
Pentstemon stiictus. 
Geranium caespitosum. 
Delphinium scopulorum. 
Lupinus argenteus. 
Malvastrum coccineum. 
Campanula rotundifolia. 
Campanula parryi 
Gaura coceinea. 

Aster bigelovii. 

Artemisia canadensis. 
Actinella floribunda. 
Orthocarpus purpureus albus. 
Stanleya pinnata. 

Serotinal Societies: 

Artemisia frigida, 

Grindelia squarrosa. 

Carduus undulatus. 

Carduus plattensis. 

Wyethia amplexicaulis. 
Wyethia arizonica. 

Wyethia helianthoides. 
Wyethia scabra. 

Chaenactis douglasii. 


THE COASTAL SAGEBRUSH. 

SALVIA-ARTEMISIA ASSOCIATION. 
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of this as a sagebrush association was made in 1918, and as a consequence it 
has received little or no special study. It owes its character to Artemisia 
calif arnica as the major dominant. This is a typical sagebrush, resembling 
Artemisia filifolia closely in habit and A. iridentata in climax qualities, espe- 
cially when it occurs as a pure consociation. 

CONSOCIATIONS. 

Artemisia californica. Salvia apiana. 

Salvia mellifera. Eriogonum fasciculatum. 

Salvia leucophylla. 

The most important consociation is Artemisia californica . It not only 
occurs in most of the groupings, but it also ranges widely along the Coast 
hills as a pure community. Eriogonum fasciculatum is the most frequent as- 
sociate of the sagebrush, often with Salvia mellifera. Salvia apiana is restricted 
to the southern part of the area, and is more subclimax in nature than the 
others. Eriogonum fasciculatum , with the variety polifolium, has much the 
widest range, forming extra-associational communities in the Larrea desert, 
and the southwestern edge of the main sagebrush association. In southern 
California and Lower California, four dominants are frequently associated. 
Farther north the community is regularly constituted by Artemisia Cali- 
fornia^ Eriogonum fasciculatum and Salvia mellifera, or leucophylla . This is 
the typical grouping of the association, though any two of the dominants may 
occur together in this area. The association shows the usual tendency to 
break into pure consociations toward its borders. Along the edge of the desert 
it is represented chiefly by Eriogonum fasciculatum, and on the western slopes 
of the Coast Range by Artemisia californica (plate 35). 

The Coastal sagebrush association is in intimate contact with the Adenos- 
toma-Ceanothus chaparral and the Larrea desert. In former times it must 
have touched the Stipa bunch-grass community along much of the interior 
valley, and to-day the two are much mixed in southern California. Through- 
out its area, the sagebrush lies just below the Adenostoma consociation of the 
chaparral. The ecological requirements of the latter are so nearly equivalent 
to those of Salvia and Eriogonum in particular that these often seem an 
integral part of the chaparral. All the dominants mix so intimately with 
Adenostoma along the ecotone, owing to the characteristically diverse topog- 
raphy, that an absolute line of separation is out of the question. This is so 
often true of ecotones, however, that it does not affect the validity of the 
sagebrush association, as is readily seen when typical areas of the two forma- 
tions are compared. This conclusion is supported likewise by a characteristic 
difference in the shrub form, and by the systematic relationships, as pointed 
out before. Toward the desert the intrusion is even greater and is best 
illustrated on the south side of the Mohave, where Eriogonum fasciculatum 
is regularly mixed with such desert dominants as Larrea, Salvia carnosa, 
Salazaria mexicana, Trichostema lanatum, and Yucca, as well as frequently 
with Artemisia iridentata, Chrysothamnus nauseosus, and Atriplex canescens. 

No factor studies have been made in this association and the sequence of 
the dominants is a matter of inference. The five species are closely equivalent, 
though the topographic and serai relations indicate a definite and constant 
sequence. Artemisia californica, like A . iridentata, is the most mesophytie 
and under static climatic conditions would tend to form a pure climax. Salvia 
mellifera and S. leucophylla follow closely in requirements, while Eriogonum 


* I; 


it 

ft 



162 


CLIMAX FORMATIONS OF WESTERN NORTH AMERICA. 


JtafaM. "id f -P ' «• ^lo'SlfTeZt-P— 

to 20 inchoa of rainfall to mesoohytic and 


t ones ax> o uu ajav^w, * , . * 

f. p°m™- 

consequently is more or less subchmax, growing on rocKy siop 
more or less disturbed areas. 


the desert scrub climax. 


larrea-prosopis formation 
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in both appearance and character. As tne name mu . • * -« -* 
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most xerophytic of the three, reacmng / f t Meh f or the most 

5 to 12 inches. The dominants are bushy shrubs, 3 to b teet mgn ioti 
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ParUnsonia, and KoeberUma. The characteristic > feature 
the desert scrub most readily from chaparral and sagebrush is its very open 
structure. The bushes usually stand 10 to 30 feet apart m typical situations, 
and it is altogether exceptional that the crowns touch each other, even in the 
i o £ to xerophytic Pro, opis and Aoaoia. The spacmg .. evd. rtly a 
consequence of low rainfall and resultant low water-content necessitating a 
large area for adequate absorption by the roots. As would be expected, this 
seems to be correlated with the root habits of the various dommair . 
individuals of Larrea are more widely separated than those of Prosopis, by 
reason of a shallow root system as well as a lower chresard. This produces 
three results generally typical of the desert scrub, all due to the large intervals 
in which more or less water is available superficially. The first is the piesence 
of tall undershrubs which occupy the intervals in greater or less abundance, 
such as Franseria, Isocoma , Parthenium, Gutienezia , Hilaria , etc. A secon 
consequence is the development of a characteristic population m the intervals 
during the winter rains in February and March. A third result, which has 
an important bearing upon the relation of desert scrub to contiguous forma- 
tions, especially the grassland, is the readiness with which it forms parks or 
savannahs. Such parks are an especial feature of the Southwest, where they 
mar k the broad transition between the desert scrub and the grassland. 

With respect to systematic relationship, the desert scrub is less homogeneous 
than chaparral or sagebrush. The three chief dominants belong to as many 
different families, Larrea to the Zygophyllaceae, Prosopis to the Mimosaceae, 
and Flourensia to the Asteraceae. The Asteraceae and Leguminosae are most 
important, and the Rhamnaceae next, while the Liliaceae are represented by 
Yucca, the Gnetaceae by Ephedra, the Chenopodiaceae by Atriplex, and the 
Poaceae by a shrubby grass, Hilaria rigida. . 

This partic ular type of scrub is known by various names m the different 
sections. In Texas it is called chaparral or mesquite, the latter being the 
usual name where Prosopis is prominent or predominant. From New Mexico 
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westward, where Larrea is the chief dominant, the general name is grease- 
wood. None of these will serve as a desirable name for the formation as a 
whole or for either of its associations. As previously suggested, it seems best 
to restrict the use of the word chaparral to the Quercus-Ceanoihus climax. 
Mesquite is of too limited application in so far as the scrub community is 
concerned, being applied only to Prosopis or to Prosopis with some other 
related dominant, such as Acacia . The word has the further disadvantage of 
being used for a number of grasses, Bouteloua, Bulbilis , and Hilaria , probably 
because of their frequent association with the mesquite in grassy parks. 
Greasewood is the designation of several shrubs, but the common usage 
seems to agree with the scientific in confining the word to Sarcobatus vermi- 
culatus . Hence, in seeking a readily usable name for this extensive formation, 
it has appeared necessary to employ two words, i. e desert scrub, the latter 
referring to its nature, the former to its typical habitat. 

Range. — The area characterized by the desert scrub climax is difficult to 
delimit for two reasons. It shares with the sagebrush and chaparral forma- 
tions the habit of breaking up along the line of contact with grassland or other 
scrub communities, and thus forming a broad ecotone of mixed or alternating 
communities. In addition, it is especially given to forming parks or savannahs 
with grassland, particularly along its northeastern edge and on the bajada 
slopes of mountains. This is typical of Prosopis , but it is also true to a large 
degree of Yucca and Flourensia , and, to a much smaller one, of Larrea . In 
Texas, for example, while the three dominants have not been seen together 
east of Ozona and Odessa, Prosopis is a regular feature in the grassland as far 
north as Lubbock, and it occurs frequently farther north, finally disappearing 
in southwestern Kansas. It also occurs generally, but more or less sparsely, 
in the desert plains grassland, from the mountains of western Texas and 
southern New Mexico to those of southern and central Arizona, where it is 
frequently associated with Yucca radiosa. 

If the limits of the formation be determined by the presence of two of the 
three dominants in more or less complete control, its area will comprise 
southwestern Texas west of Odessa and Ozona, and the southern quarter of 
New' Mexico. In Arizona the formation is limited to the southern third of the 
State, owing to the barrier of the central mountain ranges, and to the north- 
western part beyond the Hualpai Mountains and the Grand Canyon. It is 
typical in general of southeastern California, east of the Laguna, San Jacinto-, 
San Bernardino and Tehachapi Mountains, and the Antelope Yalley. It 
occupies the southern portion of Nevada south and west of Caliente and also 
the extreme southwestern part of Utah. Its range in Mexico is unknown, but 
it is the typical formation of the northern part from the mouth of the Pecos 
■westward through Lower California (MacDougal, 1904, 1908; Goldman, 
1916 : 834, 338). A related community of Prosopis and Acacia extends 
eastward along the Rio Grande plain as far as the coast, but too little is known 
of it to warrant assigning it definitely to the desert scrub formation. 

Unity of the formation. — The geographical unity of the desert scrub is perhaps 
greater than that of any other western formation. It constitutes a broad 
band 500 to 1,000 miles wide from trans-Pecos Texas to southern California and 
and Lower California. This suffers two great interruptions, one due to the Sierra 
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the desert scrub climax. 

The floristic unity of the desert scrub is even greater than that of the ottier 
two scrub climaxes. The two most important dominants, L “™ ea m ™\ , . 
and Prosopis juliflora, occur throughout This is hkewise t £ . 

emmeens and Fouquiera s plendens, though these are probably subchma 
character. Acacia, Yucca, and Ephedra extend 

species change to some degree. Acacia greggn is found from western Texas to 
Lower California, while A. constricta ranges nearly as widely. Yucc f™f° s « 
and Y. macrocarpa are present from western Texas through Anzona, bu 
largely replaced in California and Lower California by species ecologically 
equivalent. While four or five species of Ephedra occur m the formation, 
these are essentially similar if not identical in ecological character. Am ^ ng 
the undershrubs, Gutierrezia, Isocoma, Krameria, and Zinnia are clistriDutea 

over most of the formational area. • , ■ 

The ecological unity of the desert scrub is indicated by the fact that prac- 
tically all of the dominants are many-stemmed, bushy shrubs, usually with the 
habit of root-sprouting well developed. This is essentially true °* ¥ ucca > 
especially the most important species, Y . radiosa , in spite of its very difteren 
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appearance. Prosopis and Acacia usually constitute exceptions, particularly 
when found on flood-plains and in washes. However, on uplands and on 
dunes, these too are regularly many-stemmed. As would be expected, the 
taller dominants are uniformly deep-rooted, the depth of the roots being 
determined largely by that of the soil. Naturally all are intense xerophytes, 
in which the chief adaptations are the reduction and loss of leaves and twigs, 
the development of evergreen leaves or branches, or of a thick or glutinous 
cuticle. The great majority are deciduous, Larrea and Yucca furnishing the 
most important exceptions. Nearly all agree likewise in being somewhat 
resistant to alkali. This is a direct outcome of "the prevalence of halophytic 
areas in the valleys and bolsons. Many of the most striking playa regions 
occur -within the area of the formation. The succession on saline soils is 
essentially identical from one end of the area to the other. This is true also 
of the sand-dune and hummock succession, which is probably the most wide- 
spread of all The third important succession is that of rocky ridges and 
slopes. While this shows tfie same stages in both associations, it is character- 
ized by Agave , Yucca, Opuntia, and DasyKrium in the east, and by Foaquiera , 
Parkinsonia , Cereus , and Encelia in the west. The close equivalence of these 
two subclimaxes is shown by the presence of Fouquiera , Dasylirium , and Yucca 
radiosa in both. 

With respect to its origin, this formation is one of the most homogeneous. 
The dominants are all subtropic or Mexican in distribution, with the exception 
of Atriplex canescens, while this and Gutierrezia are the only ones that range 
far beyond the formational limits to the north. This conforms to its occur- 
rence as a broad belt on both sides of the Mexican boundary. The gradual 
differentiation of this formational mass has reached a point where it seems 
desirable to recognize two associations, the one centering about the Rio 
Grande and the other around the Colorado. The reasons for this are dis- 
cussed in the following section. 

Structure of the formation —The general abundance of Larrea throughout 
the formation gives the impression that the latter contains a single associa- 
tion. A scrutiny of the various groupings discloses a number of constant 
differences between the eastern and western portions, which warrant the 
recognition of two corresponding associations. The statistical evidence from 
more than 250 localities is supported by the comparative studies made in 
1918, when the formation was examined in its entirety from Texas to Cali- 
fornia. In the table on the following page the occurrence of the dominants 
and their major groupings are shown for the two associations. The line which 
separates them is in general that of the Galiuro and Dragoon ranges in south- 
eastern Arizona. 

It is evident that Larrea, Prosopis, and Flourensia far outrank all of the 
others in importance, and that Franseria is three times as frequent as Acacia 
in the association where they meet, in addition to being much more abundant. 
Acacia, Atriplex , Yucca, Ephedra , Fouquiera, and Condalia are all more or less 
regular associates of the primary dominants in both associations. While 
typically less abundant, they sometimes equal or exceed them in number. 
The division into two associations rests chiefly upon the complete absence of 
Flourensia in the one, as a dominant at least, and of Franseria in the other, 
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and upon the more uniform distribution of Prosopis in the Larrea-Flourensia 
type. These differences are reflected in the figures showing the occurrence 
of the four groupings. Of the other dominants, Atriplex is more important 
in the west, and Yucca and Ephedra in the east, while F ouguiera varies but 
little between the two. Parkinsonia , Cereus, and Doled are confined to the 
western, and Rhus to the eastern association. Of the undershrubs, Gutier- 
rezia is much more important in one, and the corresponding genus, Isocoma, 
in the other. Hilaria and Encelia are confined to the Larrea-Franseria asso- 
ciation, Microrhamnus and Parthenium practically to the Larrea-Flourensia, 
while Krameria and Zinnia show little difference. All in all, the evidence 
supports the recognition of two recently differentiated but fairly distinct 
associations. 

Summary of dominants. 



Larrea- 

Flourensia 

(Texas-New 

Mexico). 

Larrea- 

Franseria 

(Arizona- 

California). 
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Flourensia 
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Larrea- 

Franseria 

(Arizona- 

California). 

Total number of 
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100 

Fouquiera 

14 

12 


no 

82 

Condalia 

16 

8 


no 

43 

Rhus 

4 

0 


97 

0 

Kocberlinia 

7 

2 

Franseria 

0 

35 

Microrhamnus . . . 

9 

0 



26 

12 

Parkinsonia 

0 

10 

Larrea-Prosopis 

75 

35 

Cereus 

0 

8 

Larrea-Flourensia ! 

67 

0 

Dalea 

0 

8 

Flourensia-Prosopis 

50 

0 

Hilaria 

0 

8 

Larrea-Flourensia- 



Encelia 

0 

8 

PrnAopis 

30 

0 

Parthenium 

7 

1 

I jarrea-F ranseria . 

0 

31 

Gutierrezia 

38 

3 

A triples: 

15 

28 

Isocoma 

6 

15 

Yucca — 

31 

8 

Krameria 

5 

6 

Ephedra 

15 

3 

Zinnia I 

j 

7 

11 


Associations. — The desert scrub formation consists of two associations, 
the Larrea-Flourensia and the Larrea-Franseria. In addition there is the 
closely related community of Prosopis and Acacia, typical of the lower valley 
of the Rio Grande and probably to be regarded as a subclimax. Besides the 
differences in composition already noted, the two associations differ much in 
structure. In the Larrea-Flourensia type, the three dominants are of nearly 
equal importance, as is shown by their respective frequence, viz, Larrea 110, 
Prosopis 110, and Flourensia 97, as well as by that of the four major groupings. 
Moreover, the latter show that the dominants are frequently or reg ular ly 
mixed on more or less equal terms. Gutierrezia is the characteristic under- 
shrub. In the Larrea-Franseria community the ground-tone is given chiefly 
by Larrea. The uniform olive-brown color is less broken by Prosopis, except 
where the two mix along the line of contact in valleys and draws, or in sandy 
soils. Flourensia is altogether lacking. Franseria, though an undershrub, 
often ranks next to Larrea in importance, and gives a distinctive impress to 
the community. In some places a similar role is taken by Hilaria, and not 
infrequently Franseria, Hilaria, and Encelia are to be found mixed or alter- 
nating with each other. A further distinction between the two associations 
is found in the much greater frequency of Yucca and Ephedra in the Larrea- 
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Flourensia type. Over much of the area one or both will regularly occur in 
abundance with Pro&opis or Flourensia, though rarely with Larrea where it 
is most typical. 

_ Their relation to the subclimaxes of rocky slopes and ridges marks another 
difference between the two associations. In the east the subclimax consists of 
Yucca, Agave, Dasylirium, and Fouquiera chiefly, and this explains why Yucca 
radiosa and macrocarpa are such frequent constituents of the scrub below. In 
the west Yucca is largely confined to the grasslands, and the subclimax con- 
sists primarily of Parkinsonia, Cereus, and Fouquiera. All of these mix with 
Larrea to a considerable extent, and are sometimes found in the heart of the 
association, where they are often to be regarded as relicts. Another dis- 
tinctive feature of the Larrea-Franseria type is the presence of the cylindrie 
Opuntias, such as 0. fulgida, 0. spinosior, 0. versicolor, etc. While Opuntia 
occurs sparsely in the eastern association, it has nowhere been found in the 
abundance which characterizes it in Arizona. Here the species of Opuntia 
make important communities on the lower bajada slopes with Larrea or in 
the broad washes with Prosopis. 

Finally, a unique feature of the Larrea-Franseria scrub is the development 
of a more or less continuous cover of winter annuals from January or February 
to April. This is the direct consequence of a secondary maximum of rainfall 
at this time, and is very similar to what occurs in southern Califor nia . This 
transitory community of annuals is little if at all developed in Texas and New 
Mexico. Here the rainfall from January to April is less than 15 per cent of 
the annual, while in Arizona and southeastern California it is 30 to 60 per 
cent of the total. The distribution of the rainfall seems also to explain the 
change from one association to the other in eastern Arizona. New Mexico and 
western Texas receive 60 to 75 per cent of their annual rainfall between 
April 1 and September 30, while the Larrea-Franseria region of Arizona and 
California receives but 20 to 50 per cent during the same period. Further- 
more, the greater tendency of the eastern type to form savannahs is explained 
by the fact that the seasonal distribution of the rainfall is practically the same 
as that for grassland. 

Relation to other formations.— The chief contact of the desert scrub is with 
the grassland formation. This is the case in trans-Pecos Texas, New Mexico, 
and Arizona, where the contact is with the desert plains association. This is 
especially true of elevated plains and of bajadas with northerly slopes. On 
slopes with southerly and westerly exposure or rocky surface the scrub is 
usually separated from chaparral or woodland by a broad band of the Yucca- 
Agave community in the east or one of Parkinsonia-Cereus-Fouquiera in the 
west. The lines of contact are often broad ecotones and, in the case of the 
grassland, they regularly develop into parks of scrub and grass several milsp 
wide along the mountain ranges and hundreds of miles in length over the 
southern Great Plains. In Nevada and adjacent Arizona and Utah, the 
Larrea scrub yields to the sagebrush formation, and in California it lies in 
touch with the sagebrush or chaparral, or less frequently with woodland. At 
the western edge of the Edwards Plateau in Texas, desert scrub meets the 
chaparral of oak, and Prosopis becomes the typical shrub of the level valleys 
and washes throughout the region. 
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the eastern desert scrub. 

larrea-flotjrensia association. 

• += „i m ,riiv of Lama mexicana, Prosopis juliflora , 
This community Gonsists pifflia uj A dominant part in it, 

and Flourensia cornua, though othei species oiuju v 3 


— 

localities, 168). 


Larrea mexicana 

Prosopis iuliflora 

Flourensia cornua 

Yucca radiosa and macrocarpa 
Acacia greggii and const ricta . . 

Ephedra torroyana 

Atriplex 

Condalia lycioides 

Fouquiera spicndens 

Koeberlinia spinosa 

j Opuntia arborescens 


No. I 

Iialfshrub dominants. 

No. 

110 

Gutierrezia sarothrae 

38 

9 

7 

e 

110 

97 

Microrhamnus ericoides 

Zinnia pumila 

31 ] 

j Opuntia cblorotica 

O 

o 

26 

Opuntia phaeaeantlia j 

j O 

1 7 

15 

Parthenium incanum 

i 

6 

.15 

Isoeoma hartwegii 

16 

Krameria glandulosa 

5 

! 14 

Chrysoma laricifolia 

1 

2 

7 

Psilostrophe cooperi 


I — 

occurrence cf hhe tour 


Species. 

No. Species. 

No. 

X.arrea-Prosopis 

Larrea-Flourensia 

75 Flourensia-Prosopis 

67 Larrea-Flourensia-Prosopis . . . 

50 

30 


Other important groupings are Acacia mm 
with Prosopis, and Yucca-Ephedra or either alone with Prosopis or w ~ 
various mixtures of the primary dominants. A layer of undershrubs is m 
or less constantly present. Usually this consists of Guherrezia, less frequently 
of Isocoma, Krameria, or Zinnia, or two or three of these may be mixed m 

the levels above the seline valleys uud ^ io 
altitudes of 3,500 to 4,000 feet, where it passes into grassy parks m whichthe 
shrubs are secondary. It occupies trans-Pecos Texas, as well as aconsiderabe 
area northeast of the great bend of the Pecos River, adjacent Mexico, southern 
New Mexico, and eastern Arizona. Two of the dominants, Prosopis and 
Acacia, form an extensive community on the plain of the lower Rio Orande 
and extend over much of the Panhandle region as a low open scrub m the 
grassy plains. 

Correlations and sequence. — The general correlation of the Larrea-Flourensia 
scrub is with an annual rainfall varying from 16 inches along the Pecos to 
8 inches in south-central and southwestern New Mexico. Over the same 
area, the annual evaporation ranges from 40 to 60 inches. The distribution 



A. Larrea consociation, Stockton, Texas. 

B. Larrea- Flonrensia association, Pecos, Texas. 

C. Larrea plain, Sierra Blanca, Texas, 
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of the rainfall is peculiar to this general region in that less than a third of the 
total usually falls in the first six months, while July, August, and September 
receive more than half. On the higher levels near the mountains, May and 
June are marked by more rain and the climate there becomes adapted to 
grassland. Since relatively high ranges occur at intervals of 50 to 100 miles 
from the Davis and Guadalupe Mountains on the east to the Santa Catalina 
and Whetstone chains on the west, it is evident why the desert scrub con- 
stantly mixes and alternates with grassland throughout the region. 

While factor studies of the dominants are lacking, their successional rela- 
tions are brought into evidence repeatedly by changes in altitude, topography, 
and soil. These have to do chiefly with water-content, but salinity must 
frequently be taken into account as well. The basic sequence of the assoeia.- 
tion is shown by Prosopis , Flourensia, and Larrea, wherever ridges and valleys 
occur. This is especially marked in the valley of the Pecos River from Fort 
Stockton and Grandfall to the foothills of the Davis Mountains. The primary 
sequence is Prosopis in the middle of the valley, a mixture of Prosopis and 
Flourensia , in which Flourensia becomes more and more abundant until 
Larrea appears as the slope begins, followed by mixed Flour ensia-Larrea, 
which becomes pure Larrea on the ridges or Larrea with sparse Flourensia 
and Prosopis . More frequently, the valleys are shallower and poorly drained, 
with Flourensia in the center, followed by a zone of Flourensia-Larrea on the 
slope and of nearly pure Larrea on the ridge. In the case of valley washes, 
where the soil is more or less sandy, Prosopis and Larrea exhibit a similar 
relation from valley to ridge. This typical relation to water-content is also 
found in sandy soils where Prosopis forms hummocks and dunes. As the soil 
becomes more stable and the available water decreases, Flourensia enters and 
finally Larrea , or where Flourensia is absent, Larrea enters directly. Of the 
other dominants, Yucca radiosa and Acacia greggii most nearly resemble 
Prosopis in their water use. The former has a wider margin of adjustment to 
more xerophytic conditions, and the latter a narrower one. Yucca macrocarpa 
is more xerophytic than Y. radiosa and is more often associated with Larrea 
as a consequence. Ephedra torreyana makes much the same demands as 
Prosopis and Yucca radiosa , often occurring in sandy soils with them, as well 
as in gumbo valleys with Flourensia . Condalia and Koeberhnia usually occur 
sparsely though generally in the harder soils. They have been seen but rarely 
in dominant or pure communities, and such cases were in small closed valleys 
or “swags,” often with a gypsum soil. Acacia consiricla has in general some- 
what higher water requirements than Larrea , while Fouquiera approaches 
. the latter closely in many places. Its preference, however, is for rocky slopes 
in which the available water should be higher. 

The undershrub dominants are all more xerophytic than the shrubs with 
which they are associated. This is indicated by their lower stature and the 
location of their root-systems at a higher level. Gutierrezia and Isocoma are 
nearly equivalent and are regularly associated with Prosopis , or a mixture of 
it with Yucca, A triplex, or Acacia , usually in sandy soil. They are essentially 
corresponding species, occasionally occurring together, but found for the most 
part in their respective associations. Zinnia and Krameria are typical asso- 
ciates of Larrea . Parihenium is found more frequently with Larrea , but 
occurs in various mixtures of the three primary dominants. 
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Prosopis is the most tolerant of salinity, though practically all the dominants 
posssess this ability in a large measure. Prosopis occurs regularly with 
Sporobolus airoides over great saline flats, especially in the valley of the Pecos. 
It is constantly associated with Atriplex canescens on sandy dunes and hum- 
mocks throughout. Typical areas of great extent occur from Sierra Blanca 
to El Paso along the Rio Grande, and northward through the Jornada del 
Muerto and the Tularosa Desert. Prosopis also associates with Atriplex 
canescens and A. polycarpa on alkaline plains and occasionaly thrives in saline 
meadows of Distichlis spicata. Its ability to withstand high concentrations 
is most conclusively shown by its intimate association with Spirostachys 
occidentalis and Dondia moquini in the Pecos Valley. Flourensia and Ephedra 
are both more halophytic than Larrea as a rule. In the pure gypsum soils of 
the Pecos Valley, Larrea is the first shrub to enter in the drier areas, and 
Condalia the first in the swales. Both of these are followed by Prosopis, and 
this by either Flourensia or Acacia. 

The serai sequence of Prosopis, Flourensia, and Larrea is confirmed by their 
climatic relations in regions of greater rainfall, such as Texas. In the form of 
savannah or forest-like thicket, Prosopis occurs generally in the western half 
of Texas under a rainfall of 20 to 30 inches. Flourensia first appears at about 
20 inches, but does not become dominant until a rainfall of 16 inches is 
reached. Larrea appears last at a rainfall of about 16 inches, where it quickly 
takes rank as a dominant. 

Prosopis also differs from Larrea and Flourensia is being a characteristic 
dune-former, a habit doubtless related to its more mesophytic nature. Mes- 
quite dunes and hummocks are a typical feature of the formation from the 
Panhandle of Texas to the Salton Sea. They are due to the ability of Prosopis 
to grow faster than the sand accumulates, a property almost wholly lacking 
in both Larrea and Flourensia. It is shared in greater or less degree by 
Atriplex canescens, Ephedra torreyana, Yucca radiosa, Artemisia filifolia, and 
Dalea scoparia, with the result that one or more of these are usually asso- 
ciated with Prosopis in such areas. The much wider range of the mesquite 
is due to the fact that its sugary pods are eagerly eaten by animals, which 
scatter the well-protected seeds. It suffers some disadvantage in that it is 
often browsed by stock, while Flourensia is rarely eaten, and Larrea practically 
never. This becomes a marked handicap where the kangaroo rats are abun- 
dant, as they make their mounds in mesquite bushes almost exclusively and 
feed upon both branches and roots. 

SOCIETIES. 

No study has yet been made of the seasonal aspects of the eastern desert 
scrub and an adequate treatment of its societies is impossible. Since the 
majority are alike for both associations, a fair understanding of them may be 
obtained from the list on page 176. 

THE WESTERN DESERT SCRUB 
LARREA-FRANSERIA ASSOCIATION. 

Nature.— This association is regarded as the more typical one of the forma- 

j '• tr evidence of * Ms is fo . und chiefly m the larger number of dominants 
and m the more extensive continuous areas occupied by them. The western 
scrub also exhibits much more of the traditional appearance of desert, due 
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A. Larrea consociation, Tucson, Arizona. 

B. Proxopis coD-oe'ai ion, San Pedro Valley, Arizona. 

C. ParlxinMmia lorrajana and Acacia greggii, Tucson, Arizona. 
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largely to the abundance of cacti in it. In this respect it resembles closely 
the deserts of Mexico, of which it is probably a continuation. At present 
it likewise differs from the eastern type in general absence of grasses, though 
this may be largely the work of animals. While Larrea is still the most typical 
dominant, the community shows extensive differentiations in which it is 
nearly or entirely lacking. However, it also appears to have a wider range of 
adaptation and often becomes a shrub 10 to 15 feet tall in washes. This 
seems to be connected with the greater abundance of tall shrubs or low trees, 
such as Parkinsonia , Olneya , and Dalea . As already indicated, a characteristic 
feature is the great development of communities of low winter annuals, the 
many species of which cover the ground with a brilliant carpet (plate 37). 

Extent —The eastern limits of the Larrea-Frameria community are indi- 
cated by the Galiuro, Whetstone, and Huachuca Mountains in Arizona. It 
extends northward in the valleys of the San Pedro, Gila, Salt, and Verde 
Rivers to find its northern limit along the mountains of central Arizona. On 
the west the desert scrub occupies the Colorado Desert and reaches into south- 
western Utah and southern Nevada, though greatly reduced in number of 
dominants. In California it is the climax vegetation of the Mohave Desert 
and Death Valley, though much of the area is covered with the halophytic 
subclimax of Airiplex and related dominants. West of the Salton Basin 
several of the dominants reach the lower slopes of the San Jacinto and Laguna 
Mountains. Desert scrub is the most important association throughout 
Lower California, while in Mexico proper it occurs as far south as Zacatecas 
and San Luis Potosi. The occurrence of both Prosopis and Larrea southward 
to Argentina indicates a still greater range for this or some related associa- 
tions. 

DOMINANTS. 


Shrubs: 

Larrea mexicana. 
Prosopis juliflora. 

Acacia constricta. 
Parkinsonia microphylla. 
Acacia greggiL 
Opuntia fulgida. 

Opuntia f. mamiliata. 
Opuntia spinosior. 
Parkinsonia torreyana. 
Parkinsonia aculeata. 
Dalea spinosa. 

Olneya tesota. 

Cereus giganteus. 
Fouquiera splendens. 
Celtis pallida. 

Opuntia versicolor. 
Opuntia arbuscula. 
Condalia lycioides. 
Condalia spathulata. 
Simmondsia californica. 
Atriplex canescens. 


Shrubs — continued. 
Atriplex polycarpa. 
Prosopis pubescens. 
Yucca radiosa. 
Koeberlinia spinosa. 
Mimosa biuncifera 
Ephedra trifurca. 
Ephedra nevadensis. 
Salazaria mexicana. 
Dalea emoryi. 

Dalea schottii. 

Lycium spp. 

Cereus thurberi. 

Adelia phyllarioides. 
Holacantha emoryi. 
Canotia holacantha. 

Halfshrubs : 

Franseria dumosa. 
Franseria deltoidea. 
Isocoma coronopifolia. 
Isocoma c. hartwegii. 


Halfshrubs — continued. 
Isocoma veneta. 
Opuntia discata. 
Opuntia ehlorotica. 
Zinnia pumila. 
Hymenoclea salsola. 
Calliandra eriophylla. 
Chrysoma laricifolia. 
Lippia wrightii. 
Baccharis wrightii. 
Trixis californica. 
Opuntia phaeacantha. 
Opuntia engelmannii. 
Encelia farinosa. 
Encelia frutescens. 
Krameria glandulosa. 
Hilaria rigida. 
Psilostrophe cooperi. 
Yucca baccata. 
Gutierrezia sarothrae. 
Bebbia juncea. 
Parthenium incanum. 


In addition to the above, a large number of other shrubs, halfshrubs, and 
succulents occur frequently but sparsely, or in occasional clan-like groups. 
Others are dominant at higher levels, such as species of Agave, Dasylirium , 
or at lower ones, Atriplex , Hymenoclea , etc. The relation of all of these is 
either actually or potentially successional, or they are of minor importance 
and can not be further considered in a brief account. 
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Structure. — The general structure of the desert scrub is clearly revealed 
bv the color-tones, as seen in a bird’s-eye view of one of the great intermoun- 
tain valleys. Such a view of the Santa Cruz V alley from the Tucson Moun- 
tains shows three clear differentiations of the scrub mass. The long dissected 
baiada slopes are olive-green -with Parkinsonia , C ereus, F ouguiera, and their 
associates. The flood-plains of the valley are vivid green with Prosopis and 
Acacia , and the central mass on the general level of the plain is bronze with 
Larrea. The courses of the streams are marked chiefly by Populus, Sapindus, 


and Dondia in saline areas. Finally, there is a striking inversion of the species 
of the valleys, by which Prosopis, Acacia greggii, Parkin-soma torreyana, 
Olne-ya tesota, and others are carried up the bajada slopes or up broad canyons 
into the zones above. 

As a consequence, the general zonation of the regions is as follows ■ (1) sub- 
climaxes of the river-bed and salt-spots; (2) the valley community of Prosopis, 
Acacia greggii, and Parhin-sonia torreyana; (3) the central mass of the midland 
plain, consisting chiefly of Larrea, often with much Acacia constrida; (4) the 
community of bajadas and foothills, characterized by Parkinsonia micro- 
phylla. Cereus, and Fouquiera; (5) the Prosopis-Acacia areas of the canyons 
and savannahs of the mountain ranges. The same zonal relations are seen 
in minia ture throughout the area wherever changes of soil, drainage, or eleva- 
tion occur to modify the control of the dominants. As these features recur 
constantly, owing to the more or less torrential nature of the rainfall, each 
zone is much modified by the mingling or alternation of dominants which 
normally grow above or below it. Such alternation is a regular feature of 
the association and explains the variety and frequence of the groupings as 
shown below (plate 38). 

Groupings.— A special study has been made of the grouping of the major 
dominants over the Tucson plain and the bajadas and foothills of the sur- 
rounding ranges. The primary purpose was to throw light upon the degree 
of equivalence of the various dominants, based upon Larrea as the final 
dominant. It serves also to give a clear idea of the relative importance of the 
different species, and the frequence and complexity of the various groupings. 
The area covered is about 40 miles in length from the Santa Catalina Moun- 
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ent. 

Larrea mexioana 

50 

8 

Koeberlinia spinosa 

0 

4 

Prosopis juliflora 

60 

9 

Isocoma coronopifolia 

40 

4 

Parkinsonia microphylia 

41 

5 

Franseria deltoidea 

18 

4 

Acacia (constrieta, greggii) . . . 

37 

5 

Encelia farinosa 

6 

2 

Cereus giganteus 

34 

8 

Zinnia pumila 

5 

1 

Fouquiera splendens 

22 

9 

Krameria glandulosa 

4 

2 

Opuntia (fulgida, spinosior, 



Larrea-Prosopis 

36 

10 

versicolor) 

22 

20 

Larrea or Prosopis with Acacia . 

34 

7 

Olneya tesota. 

10 

4 

Larrea-Parldnsonia 

24 

7 

A triplex (eanescens, poiycarpa) 

7 

5 

Larrea with Cereus, or Fou- 



Condalia iycioides 

7 

3 

quiera 

15 

5 

Ceitis pallida 

6 

7 

Parkinsonia with Cereus, Fou- 



Simmondsia californica 

6 

1 

quiera or both 

37 

5 

J Yucca radiosa 

0 

5 






CLEMENTS 


"West crn Desert Scrub 


PLA' 



A. Lanra and Franscria dumosa, Ajo, Arizona. 

B. Larrva, Proxoptx and Hilnn'a rigida, Ajo, Arizona. 
C Fncdia farinosa on lava lid&o, Ajo, Arizona. 
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tains on the north to the Santa Rita on the south, and about 30 miles wide 
from the Rincons to the Tucson Range at the west. It was traversed in all 
directions and the results are thought to be representative. The total number 
of localities considered is 110. 

The number of dominants in each grouping, irrespective of those of second- 
ary importance, varies from 2 to 6, with the following frequency: two domi- 
nants, 24; three, 28; four, 38; five, 14; six, 5. 

Factor relations. — The wide adaptability of the desert scrub climax is shown 
by its occurrence in a region where the rainfall varies from 2 to 16 inches. In 
this respect it excels even the sagebrush formation. The desert scrub of Texas 
and New Mexico is found in a rainfall of 7 to 16 inches. The western type has 
a much wider range. In southeastern Arizona it occurs in a rainfall as high 
as 12 to 14 inches, while in the Colorado Desert it is still dominant under a 
rainfall of 2 to 3 inches. The evaporation is also much higher in the western 
association. From April to September it ranges from 54 inches at Tucson to 
71 inches at Calexico, in comparison with 40 to 54 inches in Texas and New 
Mexico. The contrast would be even greater if the total annual evaporation 
were considered, as should be the case with a community containing so many 
evergreen or nearly evergreen dominants. The more xerophytic nature of the 
climate is clearly reflected in the greater number of cacti in the Larrea-Fran- 
seria scrub, though this probably has a direct relation to winter temperatures 
as well (Shreve, 1914 : 194). In so far as the leafy shrubs are concerned, the 
lower rainfall and higher evaporation are compensated in large measure by 
the distribution of rain during the year. In southeastern Arizona nearly 
60 per cent of the rain falls during the period from April 1 to September 30, 
and the dominant vegetation is grassland savannah, as already pointed out 
for much of the area in southern New Mexico. The percentage of spring and 
summer rain decreases rapidly across southern Arizona to become 30 per cent at 
Yuma and 20 per cent at Calexico. The latter represents the typical winter 
rainfall of California, which finds expression at the lower levels in the charac- 
teristic sclerophyll chaparral. Thornber (1910; cf. Spalding, 1909 : 96) has 
pointed out the relation of this difference of rainfall in eastern and western 
Arizona to the abundance of winter annuals as well as that of grasses. He 
also shows that there is a constant difference throughout the year of one-half 
to one inch of rainfall between the desert scrub and the desert plains grassland 
(I. e., 256). 

While a number of quantitative studies have been made of the desert scrub 
in the region of Tucson, those of Spalding (1909 : 91) are the only ones which 
bear directly upon the comparative factors for different dominants or com- 
munities. The curves showing the march of water-content from October 1907 
to April 1908 are of the most significance. These are given for the Parkin - 
sonia-Fouquiera community of Tumamoc Hill, the Larrea consociation of the 
slope, the community of Parkinsonia torreyana and Acacia greggii in a wash, 
and the Prosopis consociation of the flood-plain. These are in general agree- 
ment with the topographic and successional evidence in that the hill and 
flood-plains show the highest water-content and the slope and wash the 
lowest. However, it seems certain that the Larrea slope or plain is typically 
drier than the wash containing Parkinsonia, Acacia, and Prosopis, in spite of 
the figures. .This is clearly indicated by the author himself in his discussion 
of conditions in the wash (1. c., 14). A comparison of the curves for the hill 
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and the flood-plain are especially instructive. Th ®, 2JbuUhe 

higher, due partly to the fact that they were taken on th< 3 S |he Sarlc- 

two sets are sufficiently alike to furmshaready expknation of the 
teristic inversion by which Prosopis and Acacia greggn m particular oecrn in 
the foothills (plate 39 )* 

Successional relations.-No quantitative studies have been made of the 
actual or potential succession in the desert scrub climax. While themovement 
is necessarily slow in a region so and, there can be no question of t g 
occurrence of succession in flood-plains, especially m salt-spots, dunes, ana 
washes, and in secondary areas. Even in what seem stable areas, the ^move- 
ment toward the Larrea consociation as the final climax domman n ■ * 
Spalding (1909 : 16, 30) has noted this tendency on Tumamoc Pul as well as 
in the wash, and it can be discovered wherever topographic or biotic factors 

produce bare areas or otherwise modify existing ones. . 

The type of succession is peculiar to desert. Succession is regularly meso- 
tropic, l e. f developing in hydrophytic or xerophytic habitats which con- 
stantly become more mesophytic to the final climax (Clements, 191b . )> 

In the desert scrub the seres are all xerotropic, in that the earlier stages are 
less xerophytic than the climax. This results in the sere being excep lona m 
having a small number of stages and a slow rate of movement. Moreover, 
while the topographic relations of erosion and deposition to the climax plain 
are essentially as in ordinary succession, the climax itself is xerophytic. Con- 
sequently the Larrea plain is to be regarded as the threefold baseline for 
topography, climate, and succession, toward which all the others are tending 
slowly but nevertheless surely. In a region where permanent streams and 
lakes are all but impossible, the hydrosere is absent or is quickly converted 
into a halosere (MacDougal, 1914). The latter begins in a soil more and than 
that of the climax, but its position seems normally to result in a habitat which 
is less xerophytic, since Prosopis usually enters before Larrea . , Apart from 
this, the hill and valley communities are both less xerophytic than the 
Larrea plains and hence show similar sequences. 

Of the valley dominants, Prosopis is the least xerophytic. This is shown 
by its form, which is often that of a tree, capable of forming continuous wood- 
lands, and by its association with such mesophytic river-bank species as 
Fraxinus , Sapindus , etc. Acacia greggii follows Prosopis closely in its water 
requirements, and is followed in turn by Condalia lycioides and Acacia con - 
siricta . While their association is much less frequent, Olneya and Parkin- 
soma torreyana appear but little more xerophytic than Prosopis , and this is 
likewise true of Dalea spinosa . The three lowland ehollas, Opuntia fulgida , 
0. /. mamillata , and 0. spinosior have a wide range of equivalence. In general 
they are most abundant in the ecotone between Prosopis and Larrea , but 
they extend well into both consociations, especially the latter. The three 
cacti are often the dominants in Larrea plains on which subaerial processes are 
active. Yucca } Ephedra , and Koeberlinia resemble Prosopis more nearly in 
their demands, but the latter is often found in the lower Larrea levels also. 
Atriplex canescens and A. polycarpa are regularly associated with Prosopis , 
perhaps largely because of the ability of the latter to withstand salt. 

The dominants of the foothills and the upper bajadas approach Larrea 
in requirements, as indicated by the frequence of their association. Here the 
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sequence is nore difficult to determine because of the irregular topography 
and the confusing effect of temperature. Moreover, the hotter and drier 
southerly slopes are younger and less stable than the northerly ones, thus 
further complicating the problem. In general, it may be said that Fouqwiera 
stands nearest Lama , Cereus comes next, and Parkinsonia microphylla is 
last. Though Parkinsonia mixes with Lama in scores of places, this is largely 
due to the wide adaptation of the latter. 

The occurrence of the halfshrub dominants is correlated more or less closely 
with that of the shrubs, and they exhibit a similar donation. Isocoma is 
habitually associated with Prosopis, but occurs also in the lower Lama areas. 
Opuntia discata is an associate of the eylindric Opuntias and hence has a wide 
range. The most typical halfshrub associates of Lama are Franseria dumosa, 
Hilaria rigida, Krameria glandulosa , Zinnia pumila, and Psilostrophe cooperL 
Franseria deltoidea characterizes the Larrea-Parkinsonia ecotone, -while 
Encelia farinosa is typical of the Parkinsonia-Foaquiera community. Lippia 
wrightii, Chrysoma laridfolia, Parthenium incanum , and Bebbia juncea are 
usually restricted to the latter also. Calliandra eriophylla is typical of the 
foothill areas of Prosopis and Acacia and reaches its greatest abundance on the 
Prosopis savannahs. 

Root relations.— Cannon (1911) has made a comprehensive study of the 
roots of desert plants, in which he recognizes three types of root systems. The 
generalized type has the tap-root and laterals both well developed, while of 
the two specialized types, one has emphasized the tap-root and the other the 
laterals. The dominants with generalized root systems are Larrea, Prosopis , 
Acacia , Parkinsonia , Fouquiera, Celtis , Lycium , Franseria , and Encelia . 
Those with a well-developed tap-root are Condalia } Ephedra , and Koeberlinia . 
Practically all the cacti have superficial roots with prominent laterals, though 
the arborescent Opuntias approach the generalized type. As would be 
expected, the roots of annuals are the most superficial, penetrating the soil 
rarely more than 8 inches, and with the maximum development at about 2 
nches. 

In general, there is a tendency to form three layers of roots in the soil, the 
uppermost of annuals, followed closely by the root-layer of the cacti, and a 
much broader deep-seated layer composed of tap-root systems, with or without 
prominent laterals. The tendency to place roots at different levels minimizes 
the direct competition of the dominants, as Cannon has pointed out (1. c., 64). 
This is especially effective in the case of the superficially rooted annuals and 
cacti. The necessary compensation for the period of seasonal drouth is 
secured by drouth evasion in one and drouth resistance in the other. The 
wide spread of laterals in many f of the dominants explains the characteristic 
open spacing of the desert scrub and the bush-like habit. The effect of a 
larger water supply is seen especially on the flood-plain, where Prosopis , 
Acacia, and Parkinsonia often become trees, and even Larrea may grow to a 
height of 15 feet or more. This is shown even more strikingly along the mar- 
gins of roads, where the shrubs become remarkably vigorous as a result of the 
increased runoff and the freedom from competition. This effect is universally 
exhibited by the halfshrub, Isocoma , in which the plants along the roadside 
are often twice as tall as those in the midst of the community. Its response 
was especially graphic in 1918, when the roadside plants leafed out fully -while 
those of the mass were still leafless (plate 40). 
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SOCIETIES AND CLANS. 

The desert scrub possesses an extraordinary wealth of herbaceous species. 
The great majority of these are annuals, owing to the existence of two ramy 
seasons separated by periods of drought. There are in consequence two 
clear-cut growing seasons which may be regarded for the present as aspects, 
though closer study may show that these are themselves divisible into aspects. 
The two seasons are winter-spring and summer. Since they depend wholly 
upon the incidence of the corresponding rains, the dates of beginning and 
closing are extremely variable. After the severe drought of 1917, the first 
winter annuals did not appear until March and the seasonal communities 
were exceptionally dwarf, sparse, and short-lived. The continuance of the 
drought brought about an almost complete failure of the summer annuals and 
many of the herbaceous perennials. The occurrence of unusual rains in the 
following autumn led to the first appearance of the most important annuals 
by the beginning of December, and the ensuing development was exception- 
ally complete and vigorous. 


Perennials: 

Allioma inearnata. 

A>:ier spinnsus. 

Bahia abrtinthifolia. 

Baileya raultiradiata. 
Boerhaiivia viseosa oiigadena. 
Delphinium seaposum. 
Euphorbia albomarginata. 
Euphorbia capitellata. 
Franseria tenuifolia. 

G utierrezia microeephala. 
Hoffmannseggia drepano- 
carpa. 

Hoffmannseggia jamesii. 
Hofhnannseggia sfrieta. 
Pappophorum wrightii. 
Pcntstemon wrightii. 

Philibert ella hartwegii heteio- 
pbylla. 

Rumex hymenosepalus. 

Setaria oomposita. 

Rida lepidota sagittifolia. 
Solanum elaeagnifolium. 
Sphaeraleea euspidata. 
Teuerium cubense. 

Triodia mutica. 

Triodia pulchclla. 

Verbena clliata. 

Long-lived Annuals: 

Atriplex bracteosa. 

Atriplex elegans. 

A triplex texana. 

Chenopodium fremontii. 
Eriogonum j d >ertian um . 
Eriogonum defiexuin. 
Eriogonum trichopodum. 


Long-lived Annuals — continued . 
Euphorbia preslii. 

Helianthus annuus. 
Helianthus petiolaris. 
Heterotheca subaxillaris. 
Lepidium thurberi. 
Machaeranthera parvifolia. 
Machaeranthera tanacetifolia. 
Verbesina encelioides, 
Wislizenia refracta. 

Summer Annuals: 

Amarantus palmeri. 

Aristida americana. 

Bouteloua aristidoides. 
Bouteloua polystachya. 
Chloris elegans. 

Cladothrix lanuginosa. 
Eragrostis neo-mexicana. 
Eragrostis pilosa. 

Erioehloa punctata. 
Kallstroemia brachystylis. 
Kallstroemia grandifiora. 
Leptochloa viscida. 

Panicum hirticaulum. 

Pectis papposa. 

Pectis prostrata. 

Physalis angulata linkiana. 
Trianthema portuiacastrum. 

Winter Annuals 

Actinolepis lanosa. 

Amsinclda intermedia. 
Amsinckia tessellata. 
Astragalus nuttallianus. 
Baeria gracilis. 

Bowlesia lobata. 


Winter Annuals — continued. 
Chaenactis stevioides. 
Cryptanthe angustifolia. 
Cryptanthe pterocarya. 
Daucus pusillus. 
Eremiastrum bellidioides. 
Eschscholtzia xnexicana. 
Evax caulescens. 

Festuca octoflora. 

Gilia filifolia. 

Harpagoneila palmeri. 
Lappula redowskii. 
Lepidium lasiocarpum. 
Lesquerella gordoni. 

Lotus humistratus. 

Lupinus leptophyllus. 
Malacothrix glabrata. 
Malacothrix sonchoides. 
Malvastrum exile. 

Mentzeiia albicaulis. 
Microseris linearifolia. 
Monolepis nuttalliana. 
Orthocarpus purpurascens. 
Pectoearya linearis. 
Pectocarya penicillata. 
Phacelia crenulata. 

Phacelia distans. 

Phalaris caroliniana. 
Plagiobothrys arizonicus. 
Plantago fastigiata. 
Plantago ignota. 

Polypogon monspeliensis. 
Salvia columbariae. 

Sophia incisa. 

Sox>hia pinnata. 
Streptanthus arizonicus. 
Thelypodium lasiopliyllum. 
Veronica peregrina. 


The more important herbs of the scrub are grouped in the following list 
under four heads, viz;, perennials, long-lived annuals, summer annuals, and 
winter annuals. The first alone constitute true societies, the annuals repre- 
senting the initial stage of a subsere which advances no further because of the 


A. Fouquicra tubelimax in Lari (a plain, Tucson, Arizona. 

B. Opvnlia fuLjula con^.ociation, San Pedro Valley, Arizona. 

C. Op in din i ILscata , fidg/da , and spinout or, Tucson, Arizona. 
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annually recurrent drought of late spring and early summer. Hence, they are 
strictly pioneer socies and families, but by virtue of their annual recurrence 
they may well be treated as societies of annuals. In addition to these, there 
are the herbaceous communities of dunes, washes, and salt-spots, and of dis- 
turbed areas, which are successional in nature. A large number of these serai 
annuals are identical with those already mentioned. Finally, there are a num- 
ber of perennial grasses, some of which have entered from the desert plains in 
contact with the scrub at its upper limit, and others which may be regarded 
as relicts of a former savannah condition of certain portions of the desert 
scrub. Such are Muhlenbergia porteri , Aristida divaricata, and Bouteloua 
roihrockii in particular. The lists given above are contributed by Professor 
J. J. Thornber and are based chiefly upon studies in southern Arizona, though 
the majority of species extend throughout the association. 

THE CHAPARRAL CLIMAX. 

QUERCUS-CEANOTHUS FORMATION. 

Nature. — The chaparral formation is characterized by low shrubs of the 
same vegetation-form and for the most part of similar systematic relationship. 
In comparison with forest, it is xeroid in character, but distinctly less so than 
sagebrush and desert scrub, which resemble it in physiognomy. It is not 
dwarfed woodland, similar to that found at timber-line. It not only lacks 
the habit of “elfin” wood, but the characteristic species, with the exception 
of those of QuercuSy do not belong to tree genera. In fact, there is little more 
reason for regarding chaparral as dwarfed forest than for treating sagebrush 
or Larrea desert as such. It represents a distinct ecological type, intermediate 
in character and requirements between grassland or scrub desert, i. e., sage- 
brush and mesquite on the one hand and forest or woodland on the other. 
This is supported by its almost universal occurrence in front of forest or 
around it wherever it meets grassland or desert. While timber-line scrub has 
a general resemblance to chaparral at the first glance, it differs essentially in 
habitat, floristic, and physiognomy, and belongs to a wholly different category. 

The term chaparral is in general use throughout the West and Southwest 
for scrub or thicket. It is most commonly applied to the mesquite of Texas 
and the A denostomci-C ecmothus association of California, and less frequently 
to the Quercus-C er cocarpus community of the Rocky Mountains region. In 
spite of their general resemblance to chaparral, this term seems never to be 
used for sagebrush or for the creosote-bush desert (Larrea consociation). 
Naturally, it is in common use in those regions where Spanish influences are 
still felt, and it disappears gradually to the northward long before the com- 
munity itself has disappeared. In restricting the word to one formation and 
in broadening it to cover all the associations of that climax, the thought has 
been to follow the major usage and at the same time to definitize it. As a 
result, all the associations of this formation from the Missouri Valley to the 
Pacific Coast are designated as chaparral on account of the essential eco- 
logical unity discussed below. A further refinement has been made in dis- 
tinguishing climax and subclimax chaparral, both in the East and West. As 
indicated later, these are so closely related successionally and have so many 
points in common that a distinct term for the subclimax chaparral seems both 
unnecessary and unwise. 
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Unity of the chaparral formation— In view of the exceptionally wide range, 
the floristic unitv of the chaparral is remarkable. The major dominants 
belong to 10 genera, namely, Quercus, Ceanothus, Cercocarpus, Rhus, Prom, 
Amelanchier, Symphoricarpus, Rosa, Arctostaphylus, and Shepherdia. . With 
one or two exceptions, all of these occur as dominants m both associations, 
and in the subclimaxes as well. The relationship is even better shown by such 
species as Rhus trilobata, Prunus demissa, Arctostaphylus pungens. Cerco- 
carpus parvifolius, and Ceanothus cmeatus, which are dominants m both asso- 
ciations. Still other species, such as Amelanchier alnifoha, Holodiscus dis- 
color Symphoricarpus albus, and Philadelphus gordonianus occur as dominants 
in one and are of secondary importance in the other. It is also a striking fact 
that of 25 genera which play a considerable part in the formation, all but two 
belong to the order Rosales or to the related Acer ales and Fag ales. This is 
reflected in the appearance or physiognomy of the formation. The domi- 
nants not only belong to the same vegetation-form, viz, shrubs, but also to 
the same general growth-form. Instead of being tall shrubs, as a rule prac- 
tically all of them assume the bush-form or produce several ste ns. The 
latter is a consequence of the nearly universal habit of forming root-sprouts 
to which the chaparral owes much of its success, especially in competition 
with grassland. The regular occurrence of several dominants in mixture also 
explains the general uniformity in height and habit, which so often gives 
chaparral the appearance of a densely woven green carpet. 

One evident difference between the Rocky Mountain and the Coastal 
chaparral lies in the fact that the former is deciduous, the latter evergreen or 
sclerophyll. This difference is probably to be correlated with winter as the 
most xerophytic period for the former and summer for the latter. While this 
distinction is characteristic, it is not thorough and must not be given too much 
importance. The most representative species of the Rocky Mountain chapar- 
ral is Quercus undulata , which exhibits deciduous forms in the north and ever- 
green ones in the south. Likewise, Cercocarpus parvifolius is a more northern 
deciduous species and C. ledifolius a southerly evergreen one, but in spite of 
this, both are found together over the foothills of the Wasatch Mountains 
and elsewhere. Moreover, the evergreen Arctostaphylus pungens and Ceano- 
thus cuneatus greggii are found from northern Arizona to central Utah in 
intimate association with Quercus, Rhus, and Amelanchier . A similar condi- 
tion is encountered in California, where most of the chief dominants are ever- 
green, but they are often associated with deciduous species, such as Cerco- 
carpus parvifolius, Holodiscus discolor, Prunus demissa, and others. As a 
consequence, it must be recognized that there is nothing ontradietory in 
having deciduous and evergreen dominants in the same ormation and even 
in the same association. 


Climatic relations. — Geographically, chaparral is a western formation, 
reaching its typical development on the foothills of the Rocky Mountans 
and its numerous secondary ranges, and on those of the Sierra Nevada, Cas- 
cade, and Coast Ranges of the Pacific Slope. This relation is strikingly shown 
by its appearance in the Black Hills of South Dakota and the Wildcat Moun- 
tains of western Nebraska at a distance of several hundred miles from the 
main range. This is naturally to be explained by the climatic relations. As 
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the typical zone between forest and grassland or desert, chaparral has an 
intermediate climatic position. It resembles forest in the wide range of rain- 
fall conditions in which it occurs, and only a general correlation with the 
latter is possible. In the Rocky Mountains the chaparral lies between 15 and 
20 inches of rainfall. In southern California it ranges from 10 to 20 inches, 
and in northern California and Oregon it occurs on dry slopes under 50 to 60 
inches. It seems clear that chaparral is possible in 10 inches of rainfall only 
where the proximity of the ocean cuts down evaporation, and at 50 inches only 
where insolation greatly increases it. Here, even more than in sagebrush and 
grassland, it will be necessary to determine water-content, evaporation, and 
especially transpiration relations before adequate correlations can be estab- 
lished (fig. 7). 



Fig. 7. Monthly and total rainfall for representative localities in the associations of 

the chaparral climax. 


Origin and succession.— The chaparral, like the grassland and desert scrub, 
is largely southwestern in origin. This would be expected from its general 
climatic relations^ as well as from its greater development in the south, and 
its uniform shading-out to the northward along both mountain systems. 
With the exception of a few genera such as Primus and Rosa , all of the domi- 
nants are either southwestern or have reached their chief development in the 
Southwest. Thus, it seems probable that the chaparral has moved north- 
ward from an original southern center and has differentiated into two associa- 
tions as a consequence of finding ecesis most successful along the two great 
mountain axes. 
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The successions relations of the chaparral are 
xerosere and the subsere. The primary succession is found usually on rock 
outcrops and especially on talus slides, and exhibits the same essential stages 
taTSi r^ionJ The subsere to muck the most frequent . mduuP^> ■ 
especially from the practical side. It is regularly caused by fire and it is 
probablethat all chaparral areas, as they exist to-day, have resulted from fire 
This does not mean, however, that all chaparral was originally developed m 
response to fire. Like grassland, it originated m response to a ^xeroid climate 
and followed the latter in its extension mto new regions. Like grassland, 
also, it was able to develop its natural dominance after fire much more qmckly 
than forest could, with the result that fire has constantly increased the area 
of chaparral at the expense of the forest. As a consequence, chaparral con- 
sists of two distinct types developmental^. The original and most typical is 
climax chaparral, corresponding to a climate whose water efficiency is lower 
than that demanded by forest. The most recent type is subchmax chaparral, 
which occupies a zone of variable width about the climax proper. It is not 
only the result of the destruction of the original forest by fire, or clearing and 
fire, but also owes its persistence to the periodic recurrence of these disturbing 
processes. While it is necessary to trace the process of succession in each 
region to determine the nature of the chaparral with complete certainty , the 
indicators left by the denuding agent as well as the development itself are 
usually sufficient to permit a trustworthy decision. The distinction between 
climax and subclimax chaparral is of the first importance in the treatment of 
a region, and this matter is further discussed on a later page. 

Range and extent. — Chaparral does not dominate great areas, as is the case 
with grassland and sagebrush. While it occurs in considerable bodies under 
the most favorable conditions, it is generally found in relatively narrow and 
often much interrupted belts along the edge of forest formations. Conse- 
quently, while the formation has an exceedingly wide range, it posesses rela- 
tively little continuity, and hence is little impressive over much of its broad 
extent. It is poorly developed along the line of contact between the deciduous 
forest and grassland, attains fair expression along the base of the main range 
of the Rocky Mountains, becomes massive in the Wasatch Mountains of Utah, 
and reaches its fullest expression in California. 

As a climax, the chaparral is found from Wyoming and the Black Hills of 
South Dakota southward along the Rockies into Texas and Mexico. It 
extends across Utah, New Mexico, and Arizona along the mountain ranges. 
It is greatly broken up by the mass of the sagebrush and desert scrub forma- 
tions in Nevada and in the Mohave and Colorado Deserts, but it reappears on 
the mountain ranges of southern California and the Sierra Nevada. Chaparral 
is to-day perhaps the most characteristic association found in California, but 
it rapidly loses its importance with increasing rainfall and the consequent 
development of forest. In northern California and in Oregon it becomes 
limited to the drier slopes more and more and finally becomes a mere subclimax 
or completely disappears. 

The chaparral dominants belong to 30 genera, the majority of which range 
throughout the formation. This is particularly true of Quercus , Cercocarpus , 
Ceanoihus , Rhus, Primus , Amelanchier , Symphoricarpus , Rosa , Opulasier , 
Purshia, Ribes , and Cornus, A striking group of genera is limited to the 
Southwest or finds its chief development there. This consists of Peraphyllum , 
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Fendlera , Fallugia, Cowania , Coleogyne , Robinia , and Garry a, all but the last 
belonging to the rose order. Of 35 species of dominants more than half range 
from Saskatchewan, Manitoba, or the Dakotas to Texas or New Mexico, 
thence to Arizona and California on the southwest and to Oregon, Washing- 
ton, or British Columbia at the northwest. While only a few are major domi- 
nants throughout this wide area, all are sufficiently important to show the 
basic unity of the formation and the close relationship of the various associa- 
tions, both climax and subclimax. 

Structure of the formation. — The studies of the last six years have revealed 
several different regions in which the chaparral type of vegetation reaches 
more or less complete expression. These are the Rocky Mountains, the 
Pacific Coast, the Southwest, the Northwest, the Missouri Valley, and Texas. 
In the last two, as in the mountains of the Pacific Coast, the chaparral is 
subclimax. These communities do not belong to the formation proper and 
are considered with it chiefly because of their contiguity and general relation- 
ship. They are properly associes of a climax forest. Of the four climax 
maxima, two stand out clearly, namely, the Rocky Mountain and Coastal. 
The other two have been regarded tentatively as associations during the 
course of the field work. In order to determine their real rank as well as the 
relationship of the several communities, a summary has been made of all the 
groupings of dominants recorded from 1900 to 1918, as well as in 1893, when a 
botanical reconnaissance was made along the Missouri and Niobrara Rivers. 
The summary comprises approximately 500 localities, of which 206 are in 
the Rocky Mountain region, 39 in the Northwest, 38 in the Southwest, 45 on 
the Pacific Coast, and 164 in the subclimax chaparral of the grassland forma- 
tion. The occurrence of the dominants in the five regions is shown in the 
table on page 182. No account is taken here of the Californian subclimax, 
which is essentially different. 

Grouping of dominants.'— The unity of the formation is readily seen from 
the distribution of the genera especially. The first 7 genera occur in all the 
five areas, 5 others occur in three, and 6 are found in two. Three of the 
species are present in all five communities, 4 others in four of the areas, 5 in 
three, and 9 in two. The differentiation of the maxima is revealed by the 
presence of certain genera and species in one area and not in another, as well 
as by their frequence. For example, Adenostoma and Quercus dumosa occur 
only in the Coast chaparral, while Ceanothus cuneatus and Arctostophylus 
pungens are of the first importance in it alone. Likewise Fallugia , Cowania, 
Coleogyne , Robinia , and Fendlera are limited to the Southwest and the southern 
part of the Rocky Mountain association. The differentiation of the subclimax 
community is shown by Quercus macrocarpa , Symphoricarpus occidentalism 
Rosa arkansana , Elaeagnus argentea , Fraxinus viridis, Prunus americana , and 
Rhus glabra , while a less distinct maximum in the Northwest is indicated 
by Purshia , Opulasier , Philadelphus , Holodiscus, and Peraphyllum , 

The relationship of these five maxima is revealed by the frequence of the 
dominants as shown in the table. The italic numbers indicate those which 
occur in at least 10 per cent of the total number of localities visited. The 
Rocky Mountain chaparral exhibits 12 dominants which occur in 10 or more 
localities, and of these 8 are equally important in the Northwest, while but 
2 are absent in the latter. The southwestern chaparral has 6 of the 12 most 
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in the Rocky Mountain region. A lesser degree of resemblance is found 
between the Coast and the Rocky Mountain chaparral, though their forma- 
tional relationship is clear. Of the 6 most typical dominants of the former, 
but 1 occurs in the latter, while the most characteristic dominant of the 
Rocky Mountains, Quercus undulata , is completely lacking, unless indeed it 
is represented by 4 garryana . On the other hand, the 2 communities possess 
8 important dominants in common (plate 41). 
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THE PETRAN CHAPARRAL, 

Associations. — A careful consideration of the above facts has led to the 
conclusion that the chaparral formation consists of but two climax associa- 
tions, These are the Petran or Cercocarpus-Quercus association composed 
chiefly of Quercus undulata , Cercocarpus parvifolius , Rhus trilobata, Prunus 
demissa, Amelanchier alnifolia, Symphoricarpus albus , Peraphyllum, and 
Fendlera , and the Coastal or Adenostoma-Ceanothus association, consisting 
principally of Adenostoma , Ceanothus cuneatus, Arctostaphylus tomentosa, and 
Quercus dumosa. The fragmentary chaparral of the Northwest is clearly a 
shading-out of the Rocky Mountain association, since the chief difference is 
the absence of Quercus undulata, Cercocarpus parvifolius, and Fendlera in the 
former. The chaparral of the Southwest clearly shows its relationship to the 
Rocky Mountain association in the abundance of Quercus, Cercocarpus , 
Rhus , Prunus, and Amelanchier . In addition, it possesses twp dominants 
from the Coastal association, viz, Arctostaphylus pungens and Ceanothus 
cuneatus, and exhibits certain genera more or less peculiar to it, such as Fal- 
lugia, Cowania , and Coleogyne . The latter, however, are gradually finding 
their way into the Rocky Mountain area. As a consequence, this type of 
chaparral is perhaps best treated as a transition between the Rocky Mountain 
and Coastal associations, but with a much closer relationship as a rule to the 
former. In some of the mountains of southern Arizona, however, the chaparral 
consists chiefly of Ceanothus and Arctostaphylus, and is clearly an extension 
of the Coastal type. In the following discussion, the chaparral of the North- 
west 'and Southwest are considered as more or less differentiated portions of 
the Cercocarpus-Quercus association. Because of their general resemblance 
to them, the subclimax types are treated with the corresponding climax, the 
Rhus-Prunus community of the Missouri Valley with the Rocky Mountain, 
and the Rhus-Ceanothus subclimax of the Pacific Coast with the Coastal 
association. The oak chaparral of Texas resembles that of the Missouri 
Valley in its general relation to the eastern forest, but its dominants are 
derived from both the East and West. 

THE PETRAN CHAPARRAL. 

CERCOCARPUS-QUERCUS ASSOCIATION. 

Nature and extent.— The Rocky Mountain or Petran chaparral consists 
almost exclusively of deciduous shrubs in more or less intimate mixture. It 
ranges in height from 2 to 20 feet, but attains its most characteristic expres- 
sion at 5 to 10 feet. Under optimum conditions, it is massive in nature, cover- 
ing many square miles with the density of a forest cover. Because of its 
intermediate position between forest and other formations and its occurrence 
in the diverse topography of foothills, it is much interrupted as a rule. The 
total number of dominants is large, and at least several regularly occur in any 
one grouping. They agree closely in vegetation-form and in the characteristic 
habit of root-sprouting, though some produce sprouts much more readily 
than others. In growth habit, they are normally bushy shrubs, though the 
range in size is considerable. Quercus undulata and Prunus demissa often 
become small trees; Rhus trilobata may form a gigantic bush 20 feet high and 
25 to 30 feet in diameter, while Cercocarpus parvifolius is usually a slender 
erect shrub. It is interesting to note that all the dominants belong to the rose 
order, with the exception of Quercus, Rhus , and Symphoricarpus . 
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Columbia and Alberta. Chaparral is fairly developed m southern Wyoming, 
but is reduced northward to disappear largely in the mountains of central 
Montana, where its place is taken chiefly by aspen or bysubchmax chaparral 
from the East. Its altitude hunts are of the widest. In Colorado ana i\ew 
Mexico the Quercus consociation is found well-developed in dry southern 
slopes as high as 9,000 feet, and small outposts exist at somewhat higher alti- 
tudes These, however, are subclimax and will sooner or later yield to mon- 
ane forest The lowest Emit is about 4,000 feet, but subclimax fragments 
Se frlquently found at much lower levels in the Northwest. The association 
attains its best development between 5,000 and 8,000 feet and as a climax is 
practically restricted to this zone. 

Contacts— Along the eastern edge of the Rocky Mountains, the chaparral 
is in contact below with the grassland association, touching the mixed prairie 
in the north, and the short-grass plains in the south. The ecotone is * often 
several miles wide, and is usually marked by a striking alternation of the two 
associations. On the south and southwest, the contact is usually with the 
desert plains, more rarely with desert scrub. In the West, it is typically with 
sagebrush, and in the Northwest with sagebrush, or bunch-grass prairie 1 he 
upper contact is with pihon-cedar woodland or with the montane forest, 
particularly the more xeroid Pirns ponderosa consociation or the aspen con- 
socies. Its relation to woodland is puzzling at first, since it occurs both abo\ e 
and below the latter. The probable explanation is that climax chapaxral 
regularly occurs below climax piilon-cedar woodland. The latter is often well 
developed as an open subclimax on lower rocky ridges and slopes at altitudes 
where it will ultimately be replaced by chaparral or sagebrush. This upper 
ecotone is frequently greatly confused in dry rocky country, where one or 
more dominants of the sagebrush, chaparral, woodland, and montane forest 
may be found in intimate mixture or alternation. 

In comparing the rank of the various dominants, it must be borne in mind 
that the figures indicate frequence rather than abundance. As a matter of 
fact, however, there is so much correlation between the two in the case of 
chaparral dominants that the one is a fair indication of the other. This is 
especially true of the most massive communities found in the central and 
southwestern areas. In these more typical areas, Quercus undulata is by far 
the most important dominant, chiefly as the variety gambelii. Cer cocarpus 
parvifolius is a close second, with Rhus and Prunus approximately half as 
important. Amelanchier is secondary to Quercus and Cercocarpus, but its 
frequence must be interpreted in the light of its absence over most of the 
eastern slope of the Rocky Mountains, where the other four dominants are 
so typical, and its correspondingly greater abundance on the western slope. 
It is significant that the four most important dominants are the same for the 
first two areas. Prunus demissa loses its rank in the Southwest, but regains 
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it in the Northwest. In the latter the absence of Quercus and Cercocarpus 
and the importance of Purshia suggests a greater differentiation from the 
central chaparral mass. However, this seems readily explained by the remote- 
ness from the latter and by a less favorable northern climate, which find 
expression in the fragmentary character and the subclimax tendency of the 
northwestern chaparral (plate 42). 

DOMINANTS. 


Central Rocky Mountains (206 localities) : 


Quercus imdulata 126 

Cercocarpus parvifolius 107 

Amelanchier alnifolia 74 

Rhus triloba ta 58 

Prunus demissa 58 

Symphoricarpus albus 23 

Peraphyllum ramosissimum 24 

Fendlera rupicola 18 

Holodiscus discolor 15 

Purshia tridentata 14 

Ribes cereum 11 

Rosa aeicularis. 10 

Philadelphus gordonianus 5 

Opulaster opulifolius 5 

Robinia neomexicana 3 

Southern Area (38 localities) : 

Quercus undulata 26 

Cercocarpus parvifolius 16 

Rhus trilobata 13 

Amelanchier alnifolia 10 


Fallugia paradoxa 10 

Cercocarpus ledifolius 7 

Cowania mexicana 7 

Arctostaphylus pungens 6 

Prunus demissa 4 

Symphoricarpus albus 3 

Coleogyne ramosissima 3 

Ceanothus cuneatus 3 

Northwestern Area (39 localities) : 

Purshia tridentata 17 

Prunus demissa 15 

Amelanchier alnifolia 15 

Rosa aeicularis 13 

Opulaster opulifolius 11 

Symphoricarpus albus 11 

Philadelphus gordonianus 8 

Holodiscus discolor 5 

Rhus trilobata 5 

Ribes cereum 5 

Peraphyllum ramosissimum 4 

Cercocarpus ledifolius 3 


Groupings. — The number of dominants is so large and their equivalence so 
close that they occur in the most varied groupings. In any particular locality, 
the number of associated dominants is usually 4 or 5, and often 6 or 7; 3 is also 
a frequent grouping, but communities of 1 or 2 dominants are usually 
found only near the limits of the association, where the latter is more or less 
fragmentary. While nearly all of the most important dominants do occur in 
pure communities, these are usually of limited extent and regularly alternate 
with other dominants, except toward the edge of the association as already 
noted. The actual groupings are so numerous and varied that a detailed sum- 
mary of them possesses little significance. In the central mass, Quercus, Cer- 
cocarpus, Rhus , and Prunus constitute the groundwork in central and eastern 
Colorado and New Mexico. In western Colorado and adjacent regions, these 
four are still of the first importance, but Amelanchier, Fendlera, Peraphyllum, 
and Cercocarpus ledifolius often become equally important. These may mix 
with the first four or replace one or more of them. This condition persists 
into the Southwest, where Fallugia and Cowania enter to further complicate 
the grouping, and Arctostaphylus and Ceanothus appear to serve as an indica- 
tion of the transition to the Coastal association. In the Northwest, the asso- 
ciation is so interrupted and fragmentary that definite groupings are not 
obvious. In general, the ground plan seems to be furnished by Amelanchier, 
Prunus, Opulaster, Philadelphus, and Symphoricarpus , though with almost 
infinite variation in detail In the drier regions, Amelanchier, Purshia and 
Peraphyllum mix and alternate in varying degree. 
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Equivalence of dominants— The large number of dominants, their close 
equivalance and wide range, and the almost complete absence of quantitative 
results make the task of determining their factor relations peculiarly difficult. 
This task is further complicated by the ease and intimacy with which the 
dominants mix. In spite of this, however, the topographical and successional 
relations are sufficiently evident to indicate their general response to physical 
factors. Because of the wide range of climatic conditions, this must be done 
for each area rather than for the association as a whole. The basic relation is 
determined by the five great dominants, Quercus , Cer cocarpus, Amelanchier , 
Rhus, and Prunus, which have had some factor and successional study in 
Colorado and Utah. Since one or more of these is found in practically all the 
important groupings, they serve as basing-points for all the other dominants. 

Prunus demissa is the most mesophytic of the five dominants, as is shown 
by the regular occurrence along streams and in ravines and by its taller habit. 
Rhus trilobata comes next in its water requirements, followed closely by Quer - 
ms undulata gambelii. The latter not only stands midway in the series, but 
it is also able to adapt itself to a wider range of conditions than the others, 
locally at least. This explains its greater frequence in spite of its range being 
the most restricted of the five. Quercus undulata is somewhat more xeroid, 
as its evergreen leaves and southern distribution indicate. The two are so 
frequently mixed where their ranges overlap that the difference in their 
requirements must be slight. Cercocarpus parvifolius and Amelanchier 
alnifolia are the most xerophytic and to an almost equal degree. To a large 
extent thay are corresponding species, the former being most typical east of 
the Continental Divide, the latter west. As a rule, Cercocarpus occupies the 
newer or drier areas, though their relative position is sometimes reversed. Of 
the remaining dominants, Robinia neomexicana is somewhat more mesophytic 
than the oak, as is shown by its fondness for ravines and valleys. This is 
likewise true of Symphoricarpus albus and Rosa adcularis, which often form 
a layer in oak thickets especially. Opulaster opulifolius is rather more meso 
phytic than oak and frequently forms a layer in forests of Pseudotsuga which 
the oak can not enter. While all of the others occur mixed with Quercus , 
this is less true of Purshia iridentata and Ribes cereum , which are to be regarded 
as the most xerophytic. Holodisms and Philadelphia are slightly more 
xeroid than oak. Fendlera and Peraphyllum have a wide range of adjustments. 
As tall shrubs, they often mix with oak on north exposures and at the base of 
slopes, but usually they are nearly equivalent to Amelanchier and Cercocarpus . 

As would be expected, the other dominants of the southwestern chaparral 
are typically xerophytic. This is indicated by their origin and distribution 
as well as by their generally evergreen habit. From the evidence derived from 
groupings as well as from the habitat, Cercocarpus ledifolius is nearly equi- 
valent to the oak, and Fallugia paradoxa and Cowania mexicana to Cer co- 
carpus parvifolius , though all are slightly more xerophytic. Ardostaphylus 
pungem and Ceanoihus cuneatus are more xerophytic than C. parvifolius , while 
Coleogyne seems the most xerophytic of all. It forms pure communities on 
shallow soil on rocky cliffs, but since it rarely mixes with the other dominants, 
its relative position is uncertain. 

: The dominants of the northwestern chaparral have already been considered, 

- but be helpful to relate them to each other, since both Quercus and 
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Cercocarpus parvifolius are lacking. Primus and Rhus are the most meso- 
phytic, Purskia the most xerophytic. Amelanchier, Holodiscus, Philadelphus , 
and Opulaster are more or less intermediate between these two extremes, 
while Cercocarpus ledifolius, Peraphyllum , and Ribes are nearly equivalent 
to Purshia , as is shown by their frequent occurrence as outposts in dense sage- 
brush. 

SOCIETIES. 


From its nature and position, the societies of the mountain chaparral are 
largely derived from the climax communities in contact with it. The majority 
of these come from the grassland, but a number enter also from sagebrush, 
woodland, and even from the montane forest. The societies of the sunny 
intervals between the bushes are chiefly those of the ecotone between chaparral 
and grassland or sagebrush. As a consequence, it is necessary to list here only 
those which grow in the shade of tall clumps or of a more or less continuous 
chaparral cover. Some of these have been derived from woodland or forest, 
but the majority are shade-forms of grassland and sagebrush subdominants. 
A few of them are grasses, Elymus triiicoides , Agropyrum caninum , Bromus 
ciliatus , Stipa comata , etc., though by far the greater number are herbs. Low 
shrubs, such as Symphoricarpus occidentalism Rosa acicularis , Rhus radicans } 
Pachystigma , and Berberis often form a characteristic layer. Ruderal annuals 
are frequent also, perhaps because the denser clumps afford them protection 
from grazing. 


Vernal Societies: 

Anemone patens. 

Senecio aureus. 

Arenaria fendleri. 
Euphorbia montana. 
Aragalus lamberti. 
Erysimum asperum. 
Pachylophus caespitosus. 
Draba aurea. 

Pentstemon coeruleus. 
Arabis holboellii. 

Comandra umbellata. 
Mertensia lanceolata. 
Scutellaria rerinosa. 
Tradescantia virginiana. 
Vicia americana. 

Erigeron glandulosus. 
Lithospermum mulfiflorum. 
Delphinium scopulorum. 
Allium reticula turn. 
Lappula texana. 

Smilacina steilata. 
Thalictrum fendlexi. 


Vernal (Societies— continued . 
Heuchera parvifolia. 
Therm opsis montana. 
Estival Societies: 

Geranium caespitosum. 
Chenopodium fremontii. 
Polygonum convolvulus. 
Polygonum douglasii. 
Calochortus gunnisonii. 
Potentilla arguta. 
Campanula rotundifolia. 
Pentstemon secundifloras. 
Pentstemon barbatus. 
Pentstemon unilateralis. 
Pentstemon strictus. 
Galium boreale. 

Erigeron flagellaris. 

Gilia aggregata. 

Achillea millefolium. 
Monarda fistulosa. 
Castilleia Integra. 
Castilleia miniata. 
Thelesperma gracile. 


Estival Societies — continued 
Potentilla gracilis. 
Erigeron asper. 

Senecio fendleri. 
Lupinus pusillus. 
Sisymbrium incisum, 
Nepeta eataria. 
Epilobium paniculatum. 
Laetuca pulchella. 
Salvia lanceolata. 
Bidens tenuisecta. 
Erigeron canadensis. 
Hedeoma drummondii. 
Serotinal Societies: 

Artemisia gnaphalodes. 
Artemisia frigida. 
Biiekellia grandifbra. 
Kuhnia glutinosa. 
Solidago speciosa. 
Solidago missouriensis, 
Gymnolomia multiflora. 
Aster bigelovii, 
Mirabiiis oxybaphoides. 


THE SUBCLIMAX CHAPARRAL. 

RETD S-QTJERCUS ASSOCIES. 

Nature. — The subclimax chaparral is a fragmentary community of stream 
valleys and bluffs, due to the shading-out of the eastern forest as it meets the 
prairies and plains. As a consequence, it is rarely massive, but extends as 
narrow belts for hundreds of miles along the upper bluffs of the Missouri and 
its main tributaries. Farther west along the lesser streams, it forms the typi- 
cal vegetation of the narrow valleys. It is more or less developed in the broken 
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topography of the Bad Lands and pine ridges of western Nebraska and the 
Dakotas, and it reaches westward into the valleys of the foothills in Colorado 
and New Mexico. A similar subclimax occurs in central Texas, where the 
oak forest meets the prairies. On the Edwards Plateau the dwarf form of the 
live-oak, Quercus virens , mingles with the shin-oak, Quercus undulata , of the 
Rocky Mountains to form what is probably a climax community, closely 
related to the Cercocarpus-Quercus association, if not to be regarded as a part 
of it (plate 43). 

The d omin ant species are typically shrubs for the most part, but several 
important ones are trees which become dwarfed in the more xerophytic condi- 
tions of the prairies and plains. This is the case with the bur-oak ( Quercus 
macrocar pa), live-oak (Q. virens), ash (. Fraxinus viridis), plum (. Primus ameri - 
cam), hawthorn ( Crataegus cocdnea), hackberry (Celtis ocddentalis) , box- 
elder (Acer negundo), elm (Ulmus americana ), and linden (Tilia americana ). 
A large number of the trees which reach the western edge of the deciduous 
forest exhibit the same tendency, but they extend little beyond the limits of 
the forest proper. The majority of the dominants are bushes or bushy shrubs 
from 3 to 10 feet high. They resemble those of the climax4n producing root- 
sprouts readily and consequently in taking rapid and complete possession 
where forest is cleared or subclimax grassland is overgrazed. 

Extent and contacts. — Subclimax chaparral appears along the western bor- 
der of the deciduous forest and through valleys in the prairies from Manitoba 
and Saskatchewan to northern Mexico. It extends westward to the Rocky 
Mountains from Montana to Texas, and comes into repeated contact with 
mountain chaparral in the upper valleys of the North and South Platte, the 
Arkansas, Canadian, and Pecos Rivers. Throughout the eastern edge of this 
area, it marks the ecotone between the forest and grassland. It is naturally here 
that it finds its best expression, in accordance with the fact that the dominants 
are either trees of the forest, or shrubs and bushes which constitute a lower 
layer or play the r6le of serai dominants. The subclimax occurs generally 
throughout the grassland formation in valleys and sandhills where the water- 
content is above the normal. It is best developed in the eastern portion of the 
prairies and decreases steadily toward the west, persisting only in the larger 
valleys, on buttes, or in sandhills. It is everywhere surrounded by grassland, 
except where it comes in contact with mountain chaparral, or with the pine 
or aspen community in the Black Hills or other outlying montane regions. 


DOMINANTS. 


Species. 

Rank. 

Species. 

Rank. 

Symphoricarpus occidentals . 

65 

Ribes cereum ....... 

4 

Primus demissa 

63 

Qnfvrfvns 


Rhus trilobata, 

61 

Amelanchier alnifolia 

o 

28 

Elaeagnus argentea 

53 

Primus americana 

94. 

Rosa arkansana 

47 

Fraxinus viridis 

91 

Quercus macrocarpa 

29 

Ribes aureum 

Zx 

1 ft 

Shepherdia argentea 

15 

Xanthoxyluxn amerieanum . . 

ID 

8 

Quercus virens 

15 

Corylus americana. 

o 

Cornus stolonifera 

12 

Celtis oecidentalis 

o 

o 

Rhus glabra. 

11 

Primus bessevi 

o 

o 




o 
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The relative rank of the dominants is indicated by the figure placed after 
each one, indicating the observed frequence. These apply chiefly to the central 
and western portions of the area, and are less representative of the eastern and 
southeastern edge. 

A number of other shrubs and bushes play some part, but most of these are 
secondary or incidental. A few will doubtless take their place finally as domi- 
nants. They are especially -well represented in sandhill areas, such as those of 
Nebraska, Kansas, and Oklahoma. The most important of these are Yucca 
glauca , Artemisia filif olia, Ceanothus ovatus, Salix humilis , and Rhus radicans , 
Samhucus canadensis and Cephalanthus occidentals are more or less hydro- 
phytic shrubs which persist with the usual dominants for some time. Cornus 
asperifolia , C. amomum , and Gorylus rostrata are layer dominants which some- 
times occur outside the forest, while the shrubby forms of Q. breviloba and 
Cercis canadensis , which occur in Texas, are probably to be regarded as true 
dominants. 

Groupings. — Owing to the fragmentary nature of the community, many of 
the dominants may occur in pure stands. This is most characteristic of the 
bushes, such as Symphoricarpus , Rosa, Elaeagnus , Ceanothus , etc., which make 
the closest approach to the grasses in their requirements. The shrubs and the 
shrub-forms of the trees demand a higher water-content, and this permits the 
mixing or intimate alternation of several dominants. Two dominants have 
been found associated in 35 cases, three in 26, four in 29, and five, six, or seven 
in 45 instances. As a result, the various groupings are too numerous to be 
indicated, but the composition of the most common is indicated by the relative 
sequence of the first 10 or 12 dominants. In the southern portion, Quercus 
virens is the chief species, often with Q. undulata or Q. breviloba and more or 
less Celtis , Cercis , Rhus, and Berberis trifoliata. 

Relations of the dominants. — The general sequence and factor relations of 
many of the dominants have already been indicated. The subclimax chapar- 
ral possesses a peculiarly wide range of adjustment, as suggested by the great 
variation in the extent and complexity of the communities and the size of the 
plants. Moreover, while it finds fair expression as far west as the isohyete of 
20 inches, this is usually possible only where the evaporation is low (as toward 
the north) or the water-content high (as in sandhills and broken plateaus). 
As would be expected from its relation to forest, its best development obtains 
between the lines of 30 and 40 inches of rainfall The explanation of its con- 
stant recurrence throughout the grassland climax is found partly in the higher 
water-content of valleys, sandhills, and escarpments, and partly in the com- 
petition relations between shrubs and grasses. It is highly probable that 
shrubs and trees establish themselves in grassland during the wet phase of the 
climatic cycle and are then able to persist during the dry phase by virtue of 
their deeper root-systems. This appears to be the general explanation of 
both tree and scrub savannah (Chap. VI) and the fragments of subclimax 
scrub bear a similar relation to the dominance of the grasses. Once estab- 
lished, such clumps of shrubs are practically permanent, since they can be 
destroyed only by repeated fires or by the hand of man. 

While the shrubs modify the air and soil conditions in each thicket, their 
growth is still controlled by the climatic factors, more or less affected by the 


190 CLIMAX FORMATIONS OF WESTERN NORTH AMERICA, 

competition of the grasses. This becomes controlling in the case of # both 
propagation and reproduction and makes clear why the spread of a particular 
clump or the beginning of a new one depends upon the recurrence of wet 
phases, in which the upper layer of the soil contains more water than the 
grasses need. The size and continuity and the height of the shrubs reflect the 
water relations with much accuracy and are in close accord with the gradual 
decrease of rainfall to the west. This relation is naturally disturbed or 
obscured by fires and grazing, though it is rarely hidden by them. Repeated 
fires confine or destroy the shrubs, while grazing reduces the water require- 
ments of the grasses and correspondingly increases the growth and spread of 
chaparral This is obviously not true in the case of browsing animals, such as 
goats. 

SOCIETIES. 

The societies of the subclimax chaparral are derived wholly from the forest 
or grassland. Practically none of these societies are peculiar to it, though some 
of those derived from the grassland are more or less characteristic, owing to 
their increased height or abundance in the shade. Among the important 
woodland species are Frag aria virginiana , F. vesca , Viola cucullata , Galium 
aparine , G. boreale , Aralia nudicaulis , Smilacina stellata, Sanicula marilandica , 
Aster levis , Heliopsis scahra , Urtica gracilis , and Elymus virginicus . From the 
grassland have entered Poa pratensis } Monarda fisiulosa , Vida americana , 
Anemone canadensis , A. cylindrica, Oxalis stricta , Lithospermum hirtum , 
Potentilla arguta } Teucrium canadense } Lepachys columnar is , Artemisia gna - 
phalodes , Solidago canadensis , S. rigida } and others. 

THE COASTAL CHAPARRAL. 

ADENOSTOMA-CEANOTHUS ASSOCIATION. 

Nature and extent. — The Coastal or Pacific chaparral differs from the Petran 
in consisting chiefly of evergreen or sclerophyll dominants. One of the four 
major dominants, Quercus dumosa, is imperfectly evergreen, and about 20 per 
cent of the minor dominants are deciduous. This association is regularly 
much more massive and continuous than that of the Rocky Mountains. This 
is true., however, only of California, where the chaparral reaches its best 
expression, and toward the north and southeast the community is similarly 
interrupted. Apart from the fact that the one is typically deciduous and the 
other typically evergreen, the two associations resemble each other closely 
in the form, height, and general behavior of the dominants and the essential 
character of the community. The Coastal association has been more subject 
to fire and its responses to this agency are correspondingly emphasized. It is 
also unique in passing gradually into a very similar but distinct subclimax 
chaparral typical of the montane zone. 

The € oastal association is best developed on the Coast and cross ranges of 
middle and southern California and in northern Lower California. Although 
reduced in species, it is still an important community in northern California 
and Oregon, but beyond this it is represented by a single species and is very 
fragmentary. It extends eastward to the lower slopes of the Sierra Nevada 
aud thence to southeastern California and adjacent Nevada and Arizona. 
Heie it is reduced to Geanothus cuneatus greggii and Arctostaphylus pungens } 
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which range to southern Utah, western Colorado, southern New Mexico, 
trans-Pecos Texas, and Mexico, where they blend with the Petran association. 
The general altitudinal range of this chaparral is from sea-level to 5,000 to 
7,000 feet, but the actual limits vary greatly with the region and the slope. 
The normal upper limit is rarely above 5,000 feet (plate 44). 


Adenostoma fasciculatum, 
Ceanothus cuneatus. 
Arctostaphylus tomentosa, 
Quercus dumosa. 
Ceanothus divaricates. 
Ceanothus sorediatus, 
Ceanothus dentatus. 
Ceanothus hirsute s. 
Ceanothus verrucosus. 
Arctostaphylus glauca. 


DOMINANTS. 

Arctostaphylus manzanita. 
Arctostaphylus pungens. 
Arctostaphylus bicolor. 
Rhamnus crocea. 

RHAMNUS CALIFORNIA. 

Rhus integrifolia. 

Rhus diversiloba. 

Rhus laurina. 

Rhus ovata. 

Cercocarpus parvifolius. 


Heteromeles arbutifolia. 
Dendromecum rigidum, 
Eriodictyum califoenicum, 
Adenostoma sparsifolium. 
Prunus ilicifolia. 

Prunes demissa. 
Cercocarpus ledifolius. 
Amelanchier alnifolia. 
Holodiscus discolor. 


This list is in essential agreement with the more complete list of Cooper 
(1919) for the California chaparral. However, a number of species of limited 
range have been omitted. Simmondsia calif ornica is thought to belong more 
properly to the desert scrub and the position of Adolphia californica is uncer- 
tain. Eriodictyum californicum is the typical dominant in burns and other 
disturbed areas, but is included because of its frequence. 

More than two-thirds of the dominants listed are confined to California and 
Lower California. Of the four major dominants, Ceanothus cuneatus and 
Arctostaphylus tomentosa extend to Oregon and British Columbia, respec- 
tively, while of those of considerable importance, Arctostaphylus pungens , 
Rhamnus californica , R. crocea , Cercocarpus parvifolius , and Amelanchier 
alnifolia extend through Arizona into the Petran association, where the last 
two become major dominants. 

Groupings. — The number of groupings is large and only a few of the most 
common can be indicated. The four major dominants frequently occur in 
pure stands of considerable size, and this is sometimes true of other important 
dominants as well. The general rule, however, is a mixture of several species, 
usually 5 or more. Adenostoma is the chief dominant from Lake County 
southward in California, usually associated with several of the following: 
Arctostaphylus tomentosa , A . glauca, Ceanothus cuneatus, Quercus dumosa, 
Heteromeles arbutifolia, Cercocarpus parvifolius, and Rhamnus californica , 
several of which may become more important locally than Adenostoma . The 
latter drops out beyond Trinity County, and Ceanothus cuneatus and Arc- 
tosiaphylus tomentosa form the regular groupings as far as northern Oregon, 
where the former disappears. Rhus diversiloba occurs with them frequently 
and Cercocarpus, Amelanchier , Purshia, Holodiscus , and Philadelphus are 
increasingly associated with them to the northward. In the San Gabriel 
mountains of southern California, Adenostoma , Quercus dumosa, Ceanothus 
divaricatus, Arctostaphylus, and Cercocarpus are the most important domi- 
nants, while in the neighboring San Bernardino Range the grouping is prac- 
tically the same, but with Cercocarpus much more important (Leiberg, 1900 : 
419, 439). On San Jacinto Mountain, Adenostoma fasciculatum and A, sparsi- 
folium constitute 50 to 75 per cent of the phaparral below 5,000 feet, with 



192 CLIMAX FORMATIONS OF WESTERN NORTH AMERICA. 


'Ml ' ' 1 y “* 




Ceanothm divaricatus, Quercus dumosa, and Cercocarpus pamfohus as then- 
most abundant associates, and a dozen or more of less importance (Leiberg, 
1900 : 465; Hall, 1902 : 17). Practically the same grouping occurs through 
the Laguna and Cuyamaca Mountains to the coast about San Diego. The 
chaparral of Lower California is composed chiefly of both species of Adenos- 
toma , Ardostaphylus glauca and pringlei , Cercocarpus parvif alius, and Ceano - 

thus divaricatus (Goldman, 1916 : 330). 

Throughout southern California generally, Adenostoma fasaculaturn mixes 
and alternates at the lower levels and on drier areas with Artemisia call - 
fornica , Salvia mellifera , Salvia apiana , or Eriogonum fasciculatum , the domi- 
nants of the Coastal sagebrush association. This is more xerophytic than the 
chaparral, and is subclimax to it, a relation which Cooper (1919) has empha- 
sized. 

Factor and serai relations.— In an intensive study of the habitats of sub- 
climax oak forest and the chaparral, Cooper (1919) has reached the following 
conclusions: 

“As to soil: Humus in the chaparral is very scanty, but in the forest is 
abundant— nearly 2 per cent by weight in the surface layer and considerable 
to the depth of 1 meter. In water-content there is large difference during the 
rainy season, the forest having the greater amount. At this time the surface 
layers are most important, since the major part of the absorbing roots are con- 
tained therein. It is here, too, that the water-content differences mainly show 
themselves; at the depth of 1 meter such being practically negligible. As the 
dry season advances, water-content values in both communities and at all 
depths converge, and at its culmination they are all very close together and the 
correspondence is rendered still more striking by comparison with the wilting 
coefficient in each case. In brief, there is notable difference in the actual 
amount of water available, but^ at the critical period conditions are about 
equally severe in both communities. In water-retaining capacity the only 
noteworthy feature is the relatively high value in the surface soil of the forest 
community, due to humus. As to soil temperature, the comparative march is 
the reverse of water-content; the values are closely similar in the wet season 
but widely divergent in the dry, the chaparral being much the higher. 

“As to atmospheric factors: Rainfall, cloud, fog, and wind may be dismissed 
as immaterial to the present local problem. The light impinging upon a leaf 
of the foliage canopy is much greater in chaparral than in forest, because of the 
fewer obstacles to its transmission, and reflection and diffusion from the 
light-colored soil surface. The intensity in the shade is considerably less 
beneath the forest canopy, both absolutely and proportionally. The fact that 
the shade intensity beneath Ardostaphylus is practically the same as in the 
forest indicates that the leaf character is determinative — the sparse needle 
foliage versus the broad leaves of the other shrubs and the trees. Tempera- 
ture and relative humidity data are unsatisfactory, but their effects relative 
to the present purpose are largely included in evaporation. The differences 
in this factor, though not strikingly great, are constant throughout the year, 
the Adenostoma chaparral being the highest and the Ardostaphylus chaparral 
intermediate. This conclusion is drawn from the values obtained at the top of 
the vegetation. The rate at the surface of the ground does not show differ- 
ences of import, to the problem in hand. 

“Our conclusion, then, is that the fundamental distinguishing difference 
between the two broad-sclerophyll climaxes— their' continuing cause, so to 
speak— is in the water balance and its variations, whatever the indirect factors 
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influencing it; that its importance is equally divided between wet and dry 
seasons, the greater excess of supply over loss in the forest during the growing 
season explaining the size and luxuriance of the plants living there, and the 
higher evaporation rate in the chaparral during the dry season, with equally 
severe soil-moisture conditions, accounting for the absence of mesophytic 
species in that habitat*” 

SOCIETIES. 

The winter rainy season of the Coast region causes a corresponding early 
development of societies and necessitates a readjustment of the aspects. 
Because of favorable temperatures, societies appear in southern California as 
early as January and the first aspect attains its maximum in February or 
March. In order to maintain the usual seasonal relations, this is regarded as 
the prevemal aspect. It is followed by a late spring or vernal aspect, and this 
by one in which summer and autumn relations are more or less combined. 
With few exceptions, the societies listed are perennial. Some of them bloom 
through more than one aspect, but these are listed in the first one in which 
they appear. A large number of annuals occur, especially in southern Cali- 
fornia, but these are either members of subsere communities, or they are 
desert annuals, most of which have already been given under the desert scrub. 
It is practically certain that some of the societies listed below have been 
derived from the original Stipa grassland, but the exact determination of these 
must await further study. 


Prevemal Societies: 

Biodiaea capitata. 
Brocliaea congesta. 
Brodiaea grandifiora. 
Brodiaea minor. 
Sisyrinchium bellum. 
Eriogonum compositum 
Eschscholtzia californica. 
Delphinium parryi. 
Sidalcea malviSora. 

Viola peduneulata. 
Samcula bipinnata. 
Sanicula bipinnatifida. 
Dodecatheon elevelandii. 
Castilleia foliolosa. 
Wyethia glabra. 

Wyethia helenioides. 

Vernal Societies: 

Calochortus luteus. 
Calochortus venustus. 
Calochortus splendens. 


Vernal Societies — continued. 
Hosackia glabra. 

Pentstemon heterophyllus. 
Pentstemon azureus. 
Lupinus formosus. 

Lathyrus splendens. 
Lathyrus vestitus. 
Astragalus crotalariae. 
Astragalus leucopsis. 
Eriophyllum confer tifiorum. 
Eriophyllum lanatum. 
Phacelia ramosissima. 
Castilleia affinis. 

Delphinium hesperium. 
Gnaphalium bicolor. 
Gnaphalium decurrens. 
Polygala californica. 
Haplopappus liuearifolius. 
Eriogonum nudum. 

Oxalis corniculata. 

Agoseris retrorsa. 

Agoseris grandifiora. 


Vernal Societies — continued. 
Hypericum conemnum. 
Scrophularia californica. 
Convolvulus oceidentalis. 
Paeonia brownii. 

Wyethia angustifolia. 
Corethrogyne filaginifolia. 
Galium andrewsii. 
Lomatium tomentosum. 

Estival Societies: 

Artemisia heterophylla. 
Achillea millefolium. 
Solidago californica. 
Gutierrezia sarothrae. 
Senecio douglasii. 
Zauschneria californica. 
Verbena prostrata. 
Verbena stricta. 

Opuntia engelmanmi. 
Opuntia basilaris. 


THE WOODLAND CLIMAX. 

PINUS-JUNIPERUS FORMATION. 

Nature. — The woodland formation consists of small trees capable of form- 
ing a canopy and hence of constituting a real though low forest. A number of 
reasons combine to make it the most difficult of all formations to delimit and 
to characterize. The first of these lies in the ability of practically all the 
dominants to vary from trees 30 to 50 feet high to shrubs of 10 to 20 feet, and 
in some cases to bushes of less than 10 feet. As trees they often give the 
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appearance of being integral parts of tie forest iSS 

occur, while in the form of shrubs a?pe„ as an impor- 

Stat^S^^wtlofE'de V ^hen«tecomesn^e 
more orless oblcmed iy tdSure with doming 

the chaparral, or of constituting an oak savannah while the Pmon and i cedar 
aline it rather with the forests of yellow pme and fir. However, the cruet 
source of confusion lies in the ability of all the dominants, but of the cedar 
especially^ to invade rocky areas, largely as a result of the readiness with 
which their fruits are distributed by rodents and birds- As a consequence, 
an open chaparral-like type occurs throughout the ^ est from lexas to Cali- 
fornia and from Mexico to Montana. It agrees with the climax woodland 
only in the presence of one or two of the dominants, but differs from it m 
habitat, structure, and development. In some regions, it will pass “tot 
climax, but as a rule it is an anomolous subelimax stage which yields to chap- 

arral, sagebrush, or forest. . . _ 1 . . 

Typically, the woodland consists of small trees 20 to 40 feet high, belonging 
to the three genera, Junvperus , Firms, and Quercus. While these vary widely 
in leaf character, they agree in being evergreen and xerophytie. ey oi 
fairly dense crowns and in favorable situations make a continuous canopy 
and a fairly uniform shade. The term woodland was apparently first applied 
by the Forest Service, and is used to include all areas in which pmon and cedar 
are characteristic. In the present case, woodland is used only for the climax 
proper, consisting of cedar, pines, or oaks variously mixed in forests oi low 
stature. About such climax areas are often much wider ones m which one o 
the dominants constitutes a grassland or scrub savannah. 

Range and extent.- — The woodland formation is essentially southwestern 
in extent. It finds its best expression as a climax on the high plateaus of the 
Colorado Basin, but it occurs from the Davis and Guadalupe Mountains of 
western Texas through northern Mexico to Lower California. It extends 
northward along the foothills in New Mexico and Colorado to southwestern 
Wyoming, and then westward through Utah and Nevada to northern Cali- 
fornia. Over by far the greater part of this vast area it forms a more or less 
continuous belt along the mountain ranges, broadening out into extensive 
forests only where tablelands of median altitude permit. The pihon-cedar 
association is much the most extensive as well as the most typical, while the 
oak-cedar community is restricted to southwestern Texas, southern New 
Mexico and Arizona, and northern Mexico, and the pine-oak to California. 
The cedar ranges far beyond the climax region, forming characteristic com- 
munities on rocky slopes and escarpments from Scott’ s Bluff and Fine Ridge 

*In view of the divergence in the botanical use of cedar and juniper for various species of 
Juniper us, cedar has been preferred as representing the common usage in the West, 
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in western Nebraska northward into Saskatchewan and westward to Oregon. 
It also occurs frequently with chaparral and scrub on the Edwards Plateau 
in Texas. 

Unity of the formation, — -As has already been indicated, the geographic 
unity of the woodland climax is less than in any other western formation. 
This is necessarily the case because of its regular occurrence on the lower 
levels of mountain ranges and plateaus. As a consequence, it is characteris- 
tically fragmentary, though consistent in being generally southern and at 
middle altitudes of 7,000 to 8,000 feet. Climatically, it is intermediate between 
chaparral and sagebrush on the one hand and the montane forest on the other. 
The average rainfall is 15 to 20 inches and the average evaporation about 20 
to 25 inches. The summer temperatures are high and the winters moderate 
for the most part, though snow lies for some time over most of the climax 
regions (fig. 8). 
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Fig. 8. — Monthly and total rainfall for representative localities in the associations of 

the woodland climax. 


Floristically, the woodlands show a high degree of unity. The dominants 
all belong to three genera, Pinus , Juniperus , and Quercus. While the number 
of minor species or varieties is large, amounting to 19, the actual species are 
but 8. The most important of these are Pinus edulis, Juniperus calif ornica, 
and J. occidentalism These three with their varieties range throughout the 
region, and one or the other occurs more or less regularly in each association. 
The subdominants are relatively few, but it is significant that Rhus , Ceano- 
thus, CercocarpuSj Purshia, etc., are found over the major portion of the forma- 
tion. 

Ecologically the formation is essentially uniform in its composition, con- 
sisting of small trees with evergreen leaves. While the latter are present in 
three forms, scale, needle, and broad leaf, it seems clear that these are ecologi- 
cally equivalent or nearly so. The constant mixture of cedar and pinon in 
the central association leaves no doubt of their essential 'equivalence, though 
the scale-leaved cedar is clearly the more xerophytie. The same is true of the 
southern association of cedar, pinon, and oak, and apparently also of the 
California association of digger pine and oak. In all of these communities, 
the dominants have marked ability to adjust themselves to more xerophytie 
conditions by becoming shrubby or by growing in an open stand, A direct 
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of shade, and hence they never constitute a seconaaiy y 

forest of the zone above. of w00 dland has been made as 

No special study of the suceessioiuil rel. shrubby woodland 
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edulis and Jumperm monosperma . , d into Texas and Mexico. 

Arizona, and New Mexico, thoug y con g ne d almost wholly to 
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Utah, New MeXiC0 ’ 
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spedes^ud" varieties which comprise 

predonnnantly Mexican, 4 have 

^rr 0 ^ 

in the formation. The greatest number of dominants still l occurs m ^ere| 
of the Mexican boundary. The most umform development of the for X 
is on the Colorado Plateau, while the most specialized area is found m 
fornia, as a natural consequence of the desert and mountain barrier . 

Structure of the formation— The dominants are as follows: 


JUNIPERUS CALIFORNIA. 
JUNIPERUS CAL1FORNICA 

utahensis. 1 

J UNI PE RES OCCI DENT ALIS. 
JUNIPEBUS OCCIDENT AUB 

monosperma. 

JUNIPBKUtt PACHYPHLOEA. 
J UNI PERI'S FLACCID A. 


JUNIPERUS SABINOIDE8. 
JUNIPERUS VIRGINIAN A 
SCOPULORUM. 

PlNUS EDULIS. 

PlNUS EDULIS MONOPHYLLA. 
PlNUS EDULIS QUADRIFOLIA. 
PlNUS CEMBROIDES. 

PlNUS SABINIANA. 


Quercus emoryi. 
Quercus reticulata. 
Quercus reticulata 
ARXZONICA. 

Quercus reticulata 

OB LON GIRO LI A. 

Quercus douglasii. 
Quercus wislizenii. 


U UiAJi JBiXVV (3 J, 

These are grouped iu three associations, namely, the Quercus-Jumperus, the 
Pinus-Juniperus, and the P inus-Quereus. The first of these is southern and 

iThe sneeific relationship of the varieties as understood here is indicated by means of the 
trinomial but the name of the spocies is omitted in the text for the sake of brevity. 
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southeastern in position, and is thought to represent the original mass of the 
formation. The second is central and typical, while the last is Californian and 
its relationship is less definite. The first two are in contact with each other for 
a long distance, but they are readily distinguished by the presence or absence 
of Juniperus pachyphloea and the evergreen oaks. The California association 
is separated from the other two by the Colorado and Mohave Deserts and the 
Sierra Nevada, and the dominants mix but slightly. Finns monophylla and 
Juniperus calif ornica are the two species which maintain the contact between 
the associations. This contact is in no wise as close or significant as that 
between the two eastern associations, but this seems adequately explained 
by the barriers mentioned. In other respects especially, the Pinus-Quercus 
community appears much more nearly related to the woodland than to any 
other climax. 

Contacts. — The woodland climax occupies the position indicated by its 
vegetation-form, viz, the small evergreen tree. This is true both geographi- 
cally and suceessionally, except where one or more dominants occur outside 
of the climax area. At its lower limit it is regularly in contact with scrub of 
some type, usually sagebrush or chaparral, rarely desert scrub. In the region 
of the latter, the contact is usually with Prosopis savannah or with the Parkin - 
sonia-Cereus scrub, or the oak mass itself shades out into a savannah domi- 
nated by Bouteloua and Andropogon . Throughout its central area in the Great 
Basin, sagebrush is everywhere in touch with the woodland, though some- 
times mixed with chaparral. Along the eastern ranges of the Rocky Moun- 
tains and in California, the contact is with chaparral. At the upper edge, 
woodland is almost universally in touch with the montane forest, and par- 
ticularly the Pinus ponderosa consociation, which is the most xeroid. The 
contact may also be with a mixture of Pinus with Pseudotsuga mucronata or 
Abies concolor , or with either of the latter consociations alone. This last case 
is infrequent, however, and usually occurs where the yellow pine is absent or 
unimportant. Suceessionally, woodland yields to yellow pine forest in the 
ecotone between the two climaxes, especially during the wet phase of major 
sun-spot cycles. Outside of the climax region, where it is represented by cedar 
especially, it gives way to the chaparral, sagebrush, or grassland climax with 
which it is in contact. 

THE PINON-CEDAR WOODLAND. 

PINUS-JUNIPERUS ASSOCIATION. 

Nature and extent. — This association is the most typical and definite of the 
three that constitute the woodland climax. It usually consists of two domi- 
nants, Pinus and Juniperus , which are regularly associated. They are similar 
in character and requirements, and hence give a much more uniform physiog- 
nomy than is found in the other two communities. This type of woodland 
occurs most frequently in narrow belts a mile or less to a few miles wide along 
the foothills of ranges from the Front Range of the Rocky Mountains to the 
eastern slopes of the Sierra Nevada. On the north it ranges from the southern 
edge of Idaho and Wyoming to Lower California, central Arizona, and New 
Mexico. Its most typical expression is found in the center of this great region 
on the high plateaus of the Colorado River. In such areas it forms more or 
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less continuous forests many miles in extent. The trees are 20 to 4.0 feet high 
and stand sufficiently close to shade three-fourths or more of the ground. 
This results in a sparse though characteristic ground cover. Such extensive 
stretches of woodland are typical of the Grand Canyon plateau in northern 
Arizona and southern Utah and of the Mesa Verde and Uncompahgre plateaus 
in southwestern Colorado. It is on these that the climax association is to be 
seen at its best and its extent and importance fully appreciated (plate 45). 

The woodland dominants also occur throughout the range of the associa- 
tion as a subclimax community in relatively new areas. They are the distinc- 
tive feature of rocky slopes and of cliffs and escarpments at elevations of 5,000 
to 8,000 feet over most of the climax area. Single dominants may extend far 
beyond the latter as subclimax in sagebrush, chaparral, or grassland. This is 
especially true of Juniperus , but it holds for Finns also in some measure. 
Such serai communities are mixed in varying degrees with the dominants of 
the climax in which they occur and frequently lead to the assumption that the 
woodland dominant is a member of the sagebrush or chaparral. All , of the 
evidence contradicts this assumption, however, and supports the view that 
this is merely the normal response to developmental processes where two 
climaxes occupy a broad and greatly interrupted ecotone. The contacts of 
this association are essentially those already indicated for the formation, 
namely, sagebrush and chaparral below and montane forest above. At its 
own level, it touches the Quercu$-J uniperus association broadly from Arizona 
to Texas, and comes into fragmentary contact with the Pinus-Quercus com- 
munity in California. 

DOMINANTS. 

JlJNIPERIJS OCCIDENT ALIS MONOSPERMA. PlNTJS EDTTLIS. 

JUNIPERUS CALIFORNICA TJTAHENSIS. PlNTJS EDTTLIS MONOPHYLLA. 

JtJNIPERTJS YIRGXNIANA SCOPULORUM. 

The most important of the dominants are Pinus edulis and Juniperus 
monosperma . They occupy by far the major portion of the climax area, and 
are regularly associated. Juniperus scopulorum has much the widest range, 
especially northward, but it is usually of secondary importance in the com- 
munity. The other four dominants exhibit two interesting and novel correla- 
tions. Pinus monophylla and J uniperus uiahensis are regular associates in the 
western half of the climax, as are P. edulis and J. monosperma in the eastern. 
Moreover, they are complementary forms, the latter dominating the associa- 
tion through Colorado and most of New Mexico, Arizona, and Utah, the former 
in Nevada and California, In western Utah and northwestern Arizona the 
ranges of these four dominants overlap. 

In this common region, all five dominants may occur together, but this is 
rare. The association of the four just mentioned is less so, but it is infrequent 
at best. The general rule is that Pinus edulis and J. monosperma , or P. 
monophylla and J. uiahensis occur together, or that either one of the pinons 
is found with both of the cedars. In Colorado and New Mexico at least, it is 
not uncommon to find P, edulis associated with both J , monosperma and J. 
scopulorum , though usually in the more open and less typical stands. With 
the exception of J, scopulorum , all of the dominants frequently occur in pure 
stands, but this is usually a consequence of differentiation by altitude. 
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The groupings of the pinon-cedar woodland have been noted in approxi- 
mately a hundred localities throughout the climax area. In the majority of 
these, Firms edulis and J uniperus monosperma are the dominants. The pinon 
occurs infrequently in pure stands, but this is regularly the case with cedar 
at lower altitudes, where the pinon drops out. In such instances, however, 
the climax woodland soon disappears and the cedar forms a savannah in sage- 
brush or grassland. In addition to the Colorado plateaus already mentioned, 
extensive climax areas of pinon-cedar have been studied in Colorado at Gar- 
land, Arboles, Mancos, Cortez, Dolores, on the San Miguel plateau, and on 
the plateau of Deadman's Canon south of Cheyenne Mountain. In Utah 
similar areas occur at Moab, La Sal, and Bluff. 

The pinons make greater demands than the cedars for water though not for 
light. In the general absence of quantitative studies, the sequence must be 
determined by the consideration of successional relations supplemented by 
evidence from growth-forms and distribution. Upon this basis, Firms edulis 
is the least xerophytic, followed by P. monophylla , J. monosperma, and J. 
utahensis . J. scopulorum seems to approach P. edulis more nearly, judging 
from the fact that it usually makes its best growth in moist canyons. The habit 
of P. monophylla and /. utahensis , as well as the nature of the community, 
accords with the fact that the western portion of the climax receives several 
inches of rain less than the eastern in general. The reduction of the fascicle 
to a single leaf in the pinon also suggests the differentiation of this association 
into two very closely related communities. 


SOCIETIES. 


Societies proper to the woodland are to be expected only where the climax 
is more or less extensive. In subclimax areas and especially where the com- 
munity is fragmentary or becomes converted into savannah, the herbs and 
shrubs of the ground cover are derived from the adjacent or surrounding 
climax, sagebrush, chaparral, or grassland. Moreover, the shade of the 
typical woodland has reduced the scrub or grassland species which could 
adapt themselves to it, just as the more xerophytic habitat has discouraged 
invasion from the montane forest. As a consequence, the ground cover is 
composed of a sparse community of shade species in the denser woodland, 
while the more open areas are occupied by societies more or less common to 
the adjacent formations. Aspects are little if at all developed in the former, 
and no attempt has been made to distinguish them here. Several of the domi- 
nants of the chaparral, sagebrush, and grassland have the appearance of 
societies, as they are not only constant features, but also take on a habitat- 
form more or less peculiar to the shady woodland. 


Chenopodium fremontii. 
Draba caroliniana. 
Fentstemon linarioides. 
Sisymbrium ineisum. 
Gilia aggregata. 
Erysimum parvifloram. 
Fentsfcemon barbatus, 
Fentstemon coeruleus. 
Opuntia mesacantha. 
Lesquerella argentea. 
Hedeoma drummondii. 


Shade societies. 

Aster ericoides. 

Malvastrum coccmeum. 
Gymnolomia multiflora. 
Allium acuminatum. 
Grindelia squarrosa. 
Fedicularis centranthera. 
Arabis drummondii. 
Chenopodium leptophyllum. 
Cordylanthus wrightii. 

Aster bigelovii. 

Chrysopsis villosa. 


Gutierrezia sarothrae. 
Senecio fendleri. 
Astragalus flexuosus. 
Hymenopappus filifoiius. 
Eriogonurn umbellatum. 
Artemisia discolor. 
Artemisia frigida. 
Actinella aeaulis. 
Physaria didymocarpa. 
Yucca baccata. 
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THE OAK-CEDAR WOODLAND. 

QUERCUS-JUNIPERUS ASSOCIATION. 

Nature and extent —The oak-cedar association is regarded as the basic or 
original community from which the related pihon-cedar and pine-oak woodland 
have been differentiated, one to the north and the other to the west. This is 
indicated by its position, but especially by its composition. It contains the 
three dominant genera and the largest number of species and varieties. It 
differs from the northern association in the predominance of oaks. The latter 
are important also in the western woodland, but to a less degree, and they 
belong to different species. The presence of oaks, pines, and cedars in these 
two associations shows the essential equivalence of the broad-leaved and 
needle-leaved evergreens as formational dominants. The variable nature of 
the deciduous habit is shown by the fact that Quercus douglasii loses its leaves 
in the fall or winter, while the other species drop them at different times in the 
spring. All of them agree in being essentially sclerophyll in habit (plate 46). 

The oak-cedar woodland has its center in southern Arizona and New Mexico 
and in northern Mexico. It occurs commonly in the mountain ranges of 
trans-Pecos Texas and is found scattered in the canyons and escarpments of 
the Staked Plains and the Edwards Plateau. It extends north over the 
mountains of the eastern half of Arizona and the western half of New Mexico 
to the thirty-fifth parallel, where it yields rather abruptly to the pinon-cedar. 
association, Pinus cembroides occurs also in Lower California, where it is 
associated with P. edulis, P. monophylla, P. quadrifolia , and Juniper us cali - 
fornica , and serves to emphasize the general unity of the formation. 


Quercus emoryl 
Quebcus reticulata 

ARIZONICA. 

Quebcus reticulata 

ORLONGIFOLTA. 

Quebcus hypgleuca. 


DOMINANTS, 

Quercus reticulata, 
Juniperus pachyphloea. 
Juniperus occidentalis 
monosperma. 
Juniperus sarinoides. 


Juniperus flaccida. 
Juniperus Virginian a 
scopulorum. 
Pinus edulis. 

Pinus cembroides. 


An intermediate mixture of several dominants is characteristic of most of 
the associational area, especially the central portion in southern New Mexico 
and Arizona, and northern Mexico. The fundament of the latter is formed 
chiefly by the oaks, in which ceday and pifion occur in varying abundance. 
Pure stands are the exception, particularly in the central mass. They 
are more frequent as the areal or altitudinal limits of the association are 
approached, owing to the decrease in the number of dominants. At the 
edges, communities of single dominants are more or less typical, but they 
usually take the savannah form, as in the oaks, or they characterize serai 
areas, such as the escarpments covered with Juniperus sabinoides . Near the 
margin of the association, there is also a marked tendency for the dominants 
to become low and shrubby, and consequently to become confused with the 
elements of the chaparral. In the mountains of southern Arizona, the greatly 
broken topography produces innumerable fragmentary habitats and causes 
a confusing mixture of woodland with desert scrub, chaparral, and even 
montane forest (cf. Shreve, 1915 : 31). 

The most typical grouping of the oak-cedar woodland is Quercus emoryi , 
Q, arizonica, and Q» hypoleuca with Juniperus pachyphloea and Pinus cent- 



JLEMENTS 


Oak-cedar Woodland 


PLATE 46 



A. Quercus-J uniperus association, Santa Rita Mountains, Arizona. 
B Quercus arizonica consociation, Santa Rita Mountains. 
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broides. This is nearly universal in the mountains of southeastern Arizona 
and adjacent New Mexico, and doubtless in those of northern Mexico as well, 
Quercus oblongifolia is regularly present in the lowest part of the zone, and a 
shrubby form of Q. reticulata in the uppermost portion. To the north and east 
Firms edulis and Juniperus monosperma enter the mixture also. On the 
Guadalupe and Davis Mountains of trans-Pecos Texas the grouping is Quercus 
arizonica } Q. emoryi , Pinus edulis, Juniperus pachyphloea, J. monosperma, 
and J. sabinoides . In the Chisos Range to the south, Pinus cembroides and 
Juniperus flaccida occur as well. East of the Pecos River, the number of 
dominants decreases abruptly, and the rough areas of the Staked Plains and the 
Edwards Plateau show only Juniperus sabinoides , J, monosperma, Pinus edulis, 
and Quercus arizonica, single or in varying mixture. Quercus arizonica in par- 
ticular becomes reduced to a shrub and mingles with the live-oak chaparral. 

Factor relations. — The relative requirements of the dominants are shown 
by their altitudinal positions. In the mountains of southern Arizona, the 
lowest oak is Q. oblongifolia, followed by Q. emoryi, this by Q. arizonica, and 
then by Q. hypoleuca. They drop out in about the same order, except that 
Q . arizonica is represented at the highest elevations by the shrubby form of 
Q. reticulata. Juniperus pachyphloea begins above the lower oaks, while 
Pinus cembroides enters still later. Shreve (1915 : 24) places the lower limit 
of the woodland or “encinal” zone of the Santa Catalina Mountains at 4,300 
feet and the upper at 6,000 to 6,500 feet. Quercus oblongifolia and Q. arizonica 
are the first to appear at the lower edge of this zone, followed by Juniperus 
pachyphloea . Quercus emoryi and Pinus cembroides enter at 5,000 feet, and 
Q. hypoleuca at 5,600 feet. The cedar and pinon reach their maximum abun- 
dance between 5,500 and 6,500 feet. Quercus oblongifolia disappears at about 
5,200 feet and the typical form of Q. arizonica at 6,500 feet. Quercus emoryi 
reached its upper limit at 6,300, while Pinus and Juniperus cease to be domi- 
nants between 6,500 and 7,000 feet. 

Summer rainfall in inches. 


Elevation. 

1911. 

1912. 

1913. 

1914. 

Average. 

3 , 000 feet 

6.27 

5.61 

6.46 

10.62 

7.55 

4 , 000 feet 

9.45 

9.77 

8.59 

14.73 

10.63 

5 , 000 feet 

11.97 

8.24 

10.27 

19.13 

12.40 

6,000 feet .j 

11.07 

8.68 

8.73 

22.68 

8.05 

7,000 feet 

15.86 

14.57 


27.64 

15.21 


Average daily evaporation in cubic centimeters for north and south exposures . 


Elevation. 

May-June. 

June. 

June-July. 

July-Aug. 

Aug.-Sept. 

s. 

N. 

S. 

N, 

S. 

N. 

S. 

■ N. 

S. 

N. 

3 , 000 feet 

120.5 


85.7 


61.1 


49.8 


55.6 


4 , 000 feet ...... J 

84.8 

91.2 

81.3 

88. 4 

67.6 

76.5 

54.7 

53.5 

42.8 

56.9 

5,000 feet 

74.2 

83.1 

60.8 

88.8 

50.9 

46.1 

44.2- 

37.2 

50.8 

33.4 

6,000 feet 

67.7 

68.6 

52.8 

47.4 

50.4 

43.3 

34.2 

33.6 

39.5 

28.3 

7,000 feet. 

72.5 

57.5 

55.2 

44.3 

46.8 

43.3 

37.3 

34.1 

39,3 

24.0 
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Decrease of temperature with altit ude . 


Elevation. 

1914. 

Average. 

4 j 000 feet . . 

1.6 

1.9 

5 , 000 feet . . 

8.1 

8.1 

6 , 000 feet . . 

7.6 

9.2 

7,000 feet.. 

14.0 

13.7 


Shreve (L c., 46) has made a thorough study of the climatic relations of the 
Santa Catalina Mountains, and the three preceding tables for the woodland 
have been taken from his tables for rainfall (52), evaporation (64), and temper- 
ature (75). 

SOCIETIES. 


The oak-cedar woodland has few distinctive societies. It is in constant or 
repeated contact with desert scrub, grassland, chaparral, and montane forest, 
and holds practically all its subdominants in common with one or more of 
these. Because of its savannah-like contact with the desert plains, the 
majority of the societies have been derived from the latter. It is desirable 
to consider here only those which occur in the partial or complete shade of the 
woodland as a dominant community. The societies vary with the season and 
altitude, but a detailed treatment of them is impossible at present. 


Solidago speciosa. 
Artemisia gnaphalodes. 
Monarda citriodora. 
Hymenothrix wrightii 
Gaxira suffulta. 
Desmodium batocaule. 
Sporobolus confusus. 
Crotolaria lupulina. 


Shade Societies . 
Gymnolomia multiflora. 
Haplopappus gracilis. 
Polygala alba. 

Comandra umbellata. 
Hymenopappus mexicanus. 
Cordyianthus wrightii. 
Anaropogon seoparius. 


Bouteloua racemosa. 
Muhlenbergia affinis. 
Rhus radicans. 

Rhus trilobata mollis. 
Pteris aquilina. 
Pellaea wrightiana. 
Cheilanthes fendieri. 


THE PINE-OAK WOODLAND. 

PINUS-QUERCUS ASSOCIATION. 

Nature and extent. The first suggestion that the community of Pinus 
sabiniana and Quercus douglasii, so typical of dry foothill slopes in central 
California, constituted a third association of the woodland formation was due 
to its general likeness in appearance and position to the oak-cedar woodland. 
The probability of this relationship has been greatly increased by the discov- 
ery that these two characteristic dominants are associated with pinon and 
cedar where their ranges overlap. This is pointed out by Abrams (1910: 317) : 

The L pper Sonoran area on the desert slopes of the mountains is commonly 
caned the pifion and juniper belts, the two conifers, Pinus monophylla and 
J uniperm calif ormca, being the most characteristic species. Several trees and 
shrubs which belong properly to the Intramontane district penetrate through 
lejon Pa® and extend in a narrow belt along the western slope of Antelope 
cy* x he normal flora of the desert slopes is modified in this section by the 
presence of such species as Pinus sabiniana and Quercus douglasii.” 

A further search for groupings of Pinus sabiniana or the associated oaks 
with pmon or cedar has disclosed the fact that Coville (1893) had noted these 
repeatedly m the southern Sierra Nevada: 
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THE PINE-OAK WOODLAND. 

“At about 3,000 feet, the gray-leaf piue (.Pinus sMnM begbe, inter- 

““form at r S^£S t ” t> T2iS W ^ 

arral belt and that of Douglas s oak. (22o) 

This correlation of the California -woodland .seems also to forms ! ■* 
explanation of the anomaly described by Parish (1903 .22 ). 

a r.f AntCone Valley the orographical confusion which 
“In the upper end ot AnMope Va >, ™ 0 <r e ographical anomaly. Here 
there exists has given rise to a curiou p ^. s |^ en ^ P trees characteristic of 

Pinus sabiniam, thfoughout central California, coming 

the western slope of the Sieira Nevaa | t siope 0 f that range, and 

TtS » Jhed " th “ ato08t 

unmixed growth of scrub-oaks. 

The dominants of the pmereak woofcd < second • ^ 

with those of the oak-tedar assoaa l °°junivenis miifomiui corresponds with 
the pisons, especially P. Coidto Qucrcus dwsjlusn is the 

J. pachvphloea J. »“»*)*”“' n/'JSTSd « uMismU i» related to 
counterpart of Q. reticulata and i i n emorv i The two associa- 

Q. hypoleuca and perhaps even more closeb to Q 1 

tions occupy the same relative potion Witt ““““ ^ nx f„, rough 
chaparral, desert scrub, and grass* * consequence much mixed with 

topography “"^SoStns' “hS regularly give rise to 

Lvfah where they come in contact cSoruia 

5SSSS. i.savSah is 'S“ ed by ‘ te 

dominance of the rl ?d|. rai -. SI ^ , rf S c^ i f^(^d Lower California. It extends 
This association ls hmited t ta southwar d along the foothills and 

from the genera, region p ^ Martir Mountains of Lower California. 

s e 

S B.t“ S taXto, and Cuyamaca Mountrins. 

DOMINANTS. 

PxlTOS SABINIANA. jTOJIPBBUS CAMFORN fICA TP rAHENSIS. 

32EK. yucca aebobbscbns. 

and these give the character irom ivm ^ yyislizevAi and Jum- 

of Antelope Valley and the Moh iateg but ttiey are less frequent as 

perus californica are not infrequent > California and hence are 

codominanta. They extend ; souffiward ^ ^ «em to meet Pinus sojin- 

more often aasoeiattdwuth the pmmB^i^ hood Te ; 0B Pass and 

?Sa«f pi < £“‘st'Sthese y points it is often difficult if not impose to 
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draw a line between the pine-oak and pinon-cedar woodlands, since Juniperus 
uiahenm extends well into California and Finns monophylla to Lower Cali- 
fornia, However, the presence of Quercus wislizenii , Juniperus calif arnica, 
and Firms quadrifolia from the San Bernardino or Santa Rosa Mountains to 
Lower California, as well as that of P. cembroides, is regarded as indicating 
the pine-oak association. 

The community relationship of Yucca arborescens is somewhat uncertain, 
but its constant association with Juniperus californica along the northern 
base of the San Bernardino Mountains from Cajon Pass to Neenach, and to 
Hesperia indicates that it is a dominant of the woodland. Like Yucca radiosa 
and F. macrocarpa , it extends downward into the desert scrub, but its life- 
form, optimum growth and zone of dominance warrant its inclusion in the 
woodland. Merriam (1893 : 341, 354) has noted the occurrence of Yucca 
arborescens and Juniperus californica on the mountain ranges south and north 
of the Mohave Desert, where they form a distinct belt at 3,500 to 4,000 feet. 
Leiberg (1900 : 444-445, 471) has recorded the composition of several woodland 
communities in which Yucca occurs on the lower levels of the San Bernardino 
Mountains. It is associated with Juniperus californica and Finns monophylla , 
with these and Juniperus occidentals, with Pinus monophylla alone or with 
P. monophjlla and Q. wislizenii also. Parish (1903 : 221) has found Yucca 
and Juniperus californica forming an open community along the San Ber- 
nardino and Chuckawalla Mountains and from Daggett to Pilot Knob, while 
Sudworth (1908 : 201) states that Yucca is also associated with juniper, 
pihon, and Pinus sabiniana . From the nature of its crown, the tree-yucca 
forms even more open communities than the other dominants of the woodland, 
and hence the consociation is constantly mixed along its lower portion with 
dominants from the desert scrub and sagebrush. 

Little is known of the factor or successional relations of this community. 
The latter seem in general to correspond with those of the oak-cedar wood- 
land. The oaks are the more xerophytic, and Quercus douglasii rather more 
than Q. wislizenii, if distribution be regarded as an indication. Their relative 
position seems definitely indicated by the frequency with which they form 
savannah with grassland at their lower limits. In spite of their occurrence in 
rocky subclimax areas, the cedars and pinons appear to be rather more meso- 
phytic than Pinus sabiniana. This is suggested by the respective altitudes at 
which they reach their greatest dominance, and seems to be certainly true for 
Pinus cembroides. 

In the rough topography of the foothills, woodland, chaparral, and mon- 
tane forest are often much mixed and confused. In spite of this, they appear 
as distinct units when differences of slope and successional development are 
taken into account. The two oaks and the digger-pine are frequently mixed 
with Quercus californica or Q. garryana, which really constitute a subclimax 
leading to the montane forest of Pinus ponderosa and Pseudotsuga mucronata . 
Where any of the three dominants occur with chaparral, the grouping is usually 
successional in character, or it represents an ecotone. In some cases where 
the tiees are scattered more or less uniformly through a chaparral cover, the 
community is to be regarded as a savannah in which the grasses are replaced 
by shrubs, and it is probably to be similarly related to the climatic cycle. 


THE MONTANE FOREST CLIMAX. 
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THE MONTANE FOREST CLIMAX. 

PINUS-PSEUDOTSIT G A FORMATION. 

Nature. — This climax is an evergreen forest in which the dominants are 
exclusively conifers. Broad-leaved deciduous and evergreen species occur in 
it, such as Populus tremuloides , Quercus calif ornica , and Arbutus menziesii , 
but they are typically subclimax in character. In contrast with the woodland, 
this is a true forest formation. The trees are tall, usually 75 to 150 feet or 
more in height at maturity, with massive trunks and dense crowns. In typical 
habitats, they grow more or less closely, forming a continuous canopy. The 
latter is less dense than in the other two forest formations and the forest nor- 
mally exhibits a good development of layers. The number of societies of 
shrubs and herbs is large and the aspects are well-marked. The major domi- 
nants are few, but they have a wide range and the composition of the forma- 
tion is exceptionally uniform. The number of more restricted and of local 
dominants is larger, and they serve to give character to the associations. The 
most typical as well as the most xeroid of its dominants, Pirns ponderosa , 
possesses a striking power of adjustment and often forms savannah, which 
extends far into the Great Plains as belts of woodland. 

Extent. — The montane forest is the most extensive and important of all 
the western forest climaxes. In its broadest outlines it extends from the 
foothills of western Nebraska and South Dakota and the mountains of western 
Texas to the Pacific Coast. It reaches from the mountains of central British 
Columbia to those of northern Mexico and Lower California. It occurs 
throughout the mountain ranges of the Great Basin and on those of the south- 
western deserts where the altitude permits. On the east, extensive forests of 
Finns ponderosa cover the Black Hills of South Dakota and a narrow strip 
of the same forest follows the canyon of the Niobrara River as far east as the 
ninety-ninth meridian. The southeastern limits of the formation are found 
in the Guadalupe and Davis Mountains of trans-Pecos Texas. The southern- 
most limit is attained by Pinus ponderosa, P. arizonica, and P. chihuahuana 
in the ranges of Sinaloa and Durango. 

Unity of the formation. — The occurrence of the three major dominants, 
Pinus ponderosa, Pseudotsuga mucronata, and Abies concolor, from Montana 
to Mexico and Colorado to California leaves no question of the unity of the 
formation. This is further emphasized by the more or less constant presence 
of Pinus contorta , P. flexilis, and P. albicaulis in both associations. In addi- 
tion, Pinus is represented by three species peculiar to each of the two associa- 
tions, Picea by one species, and Cupressus by one. There is also a marked 
agreement as to the genera of the societies, more than three-fourths of these 
being common to both associations. With the major dominants so universal 
and controlling, it follows that the ecologic and phylogenetic unity of the for- 
mation is equally clear. 

Geographically, the formation is typical of the great Cordilleran system 
from which it extends out upon the interior plateaus, such as that of the 
Colorado, and along the minor ranges and escarpments which front the Rocky 
Mountains on the east. Its climatic range rivals that of the grassland in so 
far as latitude is concerned. Both formations extend several degrees north- 
ward into Canada, and even a greater distance southward into Mexico. But 
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grassland has a wider extension vertically and hence probably occupies a 
broader climatic belt. The vertical range as a climax is often more than 6,000 
feet in the Rocky Mountains, and it is usually somewhat more in the Sierras 
and Cascades. The corresponding range in rainfall and temperature is enor- 
mous, and in either physical or human terms the climax contains several 
climates. In the form of the pine consociation, the montane forest often 
occurs in a rainfall of 20 inches or less from Colorado to Arizona and the Great 
Basin. On the Pacific Coast, it is frequently found in a rainfall of 50 to 60 
inches. Moreover, along the central axis of the Rocky Mountains, 50 per cent 
or more of the rainfall occurs in the summer, while along the Sierras and Cas- 
cades, 70 to 90 per cent of the precipitation falls during the winter. The figures 
for temperature are less striking, but still very divergent. There is a differ- 
ence of more than 20 degrees in the mean temperatures of the formation in 
northern Montana and northern California, and of 60 degrees in the lowest 
recorded minimum. In spite of this, the regular association of the three major 
dominants throughout the formational area indicates that the climate is 
essentially a unit from the standpoint of the dominant vegetation (fig. 9). 






Fig, 9. — Monthly and total rainfall for representative localities in the association of the Petran 

montane forest. 


Relationship and contacts. — The closest relationship of the montane climax 
is with the coast forest. This is best shown in northwestern Montana, north- 
ern Idaho, and adjacent British Columbia, where the two meet to form a 
broad transition. It is further indicated by the fact that Pseudotsuga is the 
typical subclimax species of the cedar-hemlock forest. The most important 
contact is with the subalpine forest. These touch each other for thousands 
of miles along the ranges of the Rocky Mountains and of the Sierra-Cascade 
system. They constitute a broad forest zone of fairly uniform physiognomy 
and have even been regarded as a single formation. Gray (1878) seems to 
have been the first to recognize their distinctness, and a similar view has been 
maintained by Merriam (1898) and his followers, obscured somewhat by the 
unsuccessful attempt to distinguish two zones, Canadian and Hudsonian, in 
the subalpine climax. While the two climaxes are similar in appearance, they 
differ fundamentally in composition, climatic and successional relations, and 
in origin. The difference between them is clear where they occur in massive 
zones, but is more or less hidden in regions of much topographic diversity. 

1 he contacts along the lower edge of the formation are varied. The normal 
contact ecologically is with the woodland climax, and this is regularly found 
m the southern half of the formational area in which woodland is more or less 
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THE PETRAN MONTANE FOREST. 

PINTJS-PSEUDOTStJ GA ASSOCIATION. 
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DOMINANTS, 

PlNtJS PONDEROSA. PlCEA PUNGENS. 

PSEUDOTSUGA MUCRONATA. PlNUS FLEXILIS. 

Abies concolor, Pinus flexilis albicaulis 

PiNUS CONTORTA. 

As already indicated, the first 3 species are to be regarded as the major 
dominants of the association by reason of their abundance and wide occur- 
rence. The lodgepole pine (Pinus contoria) ranks next in importance. It is 
typically the subclimax dominant of the burn subsere in both the montane and 
subalpine forests. However, it is more or less exclusive over such large areas 
in the northern Rocky Mountains, and is so relatively permanent owing to 
repeated fires that it must be considered with the climax. Picea pungens is 
limited to the central Petran regions, and usually occurs in restricted stands 
along the lower edge of the zone. More rarely, it forms a mixed forest with 
yellow pine and Douglas fir, as in the Pike’s Peak region, and in the Blue and 
White Mountains of Arizona (Greenamyre, 1913). Pinus flexilis and P. 
albicaulis are trees of wide range altitudinally, and hence are found in both the 
montane and subalpine climaxes. They are more abundant and relatively 
more important at upper elevations near timber-line, and hence are regarded 
as belonging primarily to the subalpine forest, Pinus flexilis occurs through- 
out the association, while P. albicaulis ranges from the northern edge to Yellow- 
stone Park, Pinus strobiformis is a related pine which occurs only in south- 
eastern Arizona and adjacent New Mexico, and thence southward into Sonora 
and Chihuahua, Pinus chihuahuana and P. arizonica are close relatives of 
P . ponderosa. They occur with the latter or represent it in southern Arizona 
or New Mexico at elevations of 6,000 to 8,000 feet, and extend southward into 
the Sierra Madre of Mexico. 

Groupings, — The four most important dominants, Pinus ponderosa , P. 
contoria , Pseudotsuga , and Abies, regularly occur in pure stands as well as in 
mixed communities. This is especially true of the two pines. In the case of 
the lodgepole pine, this is a consequence of its ability to occupy burned areas 
completely, while with the yellow pine it results from its extension far beyond 
the mass of the association. With these two very important exceptions, the 
montane forest is largely a mixture or consists of small alternes of the different 
species. The minor dominants usually occur intimately mixed with the 
major ones, though they too may form pure communities of small size. 

In general, Pinus ponderosa , Pseudotsuga , and Abies occur together through- 
out the mass of the association. To the northwest, Abies becomes secondary 
or is lacking, and the forest consists primarily of yellow pine and Douglas fir, 
or of lodgepole pine. Since these are related successionally, one often contains 
i diets of the other. In the Wasatch Mountains, Pinus ponderosa is mostly 
absent and the forest consists of Pseudotsuga and Abies , while in the desert 
ranges, farther west, Pseudotsuga is usually the missing one of the three, 
I %cea pungens is practically limited to the central area of the association, 
represented by Colorado, Xitah, northern Arizona, and New Mexico. It is 
often in open woodland along streams, but it may be an important member of 
the lower portion of the montane zone, mixed with Douglas fir and yellow 
pine, or more rarely with Abies concolor . Pinus flexilis occurs with yellow 
pme or Douglas fir, or with both on xerophytic ridges and slopes at lower 
levels. P. albicaulis has a similar habit, but is much less common in this 
association. As already indicated, Pinus strobiformis, P. chihuahuana , and 


Pinus strobiformis. 
Pinus chihuahuana. 
Pinus arizonica. 
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P. arizoniea either occur scattered in the pine consociation or codominant 
with it from Arizona southward into Mexico. 

Both the yellow pine and the lodgepole pme form pure stands which y 
stretch hundreds of miles beyond the main body of the association. The 
finest body of yellow pine on the continent is found on the Colorado plateau 
of northern Arizona far from the central mass. Similar pure communities but 
of less importance occur on the ranges of eastern Wyoming and the Black 
■Hips On the mesas of western Colorado and the foothills of central W yommg, 
the Pinus contorta consociation breaks up into masses of varying size sur- 
rounded by sagebrush or grassland in the respective regions. These are out- 
posts of the lodgepole forest and are quite different from the savannah typ 
assumed by yellow pine where conditions favor grassland. Both repre mat 
the climatic tendency, however, as is shown also by the fact that aspen, 
Populus tremuloides, often accompanies them. 

Factor relations— The montane forest of the Rocky Mountains has received 
more quantitative study than any other community, with the possible excep- 
tion of the prairie. This is due to the location in it of the Alpine Laboratory 
and the Fremont Forest Experiment Station at Pike’s Peak, J*®*® d ^910 
studies have been carried on more or less continuously since 1900 and 19M) 
respectivelv, and of the Fort Valley Forest Experiment Station near Flagstaff, 
Arizona, where observations have been made since 1909. In addition, the 
Desert Laboratory has maintained stations m the montane zone of the Sant 
Catalina Mountains since 1908. As a consequence, a large mass of factor 
data is available, of which but a few general results can be given here 

The rainfall limits for the montane forest are approximately 18 to 20 inches 
for the lower margin and 22 to 23 inches for the upper. The great majority 
of the records are for the eastern slope, but they agree closely with those for 
western Colorado and northern Arizona. The rainfall is somewhat higher m 
New Mexico and lower in Montana, but this is obviously compensated by the 
evaporation. The savannah form of the pine consociation is found where 
precipitation is as low as 15 inches, and lodgepole outposts occur at even lower 
limits in western Colorado. The total evaporation for the growing season is 
not known, but the relative evaporation is a third greater m the Pseudotsuga 
consociation than in that of Picea engelmanni m the lower part of the sub- 
alpine forest The measurement of light values through several summeis 
Sown that there is no difference in the intensity of the light which alls 
upon the two forest zones in the Rocky Mountains. There is a constant 
difference in air and soil temperature, and in water relations, especially water- 
content, the montane forest naturally showing the higher temperatures and 
lower rainfall, humidity, and water-content . 

Serai relations.— Factor measurements show that Pinus ponderosa is the 

most xerophytic of the three major dominants, Pseudotswja less so, and Abies 
somewhat less still. The most mesophytic is Picea pungens. Pirns contona 
is practically as xerophytic as the yellow pme, but it has a wider range of 
adaptation. Much the same is true for P. flexihs and P. albicauhs. The 
three southern pines resemble Pinus ponder osa in their water requirements. 
As to light requirements, the pines are all intolerant. Picea pungens is som - 
what more tolerant, Pseudotsuga is moderately tolerant, and Ahm endures 
still deeper shade. In Colorado the normal light intensity for .he mature 
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loekepole consociation was found to be 0.08 to 0 07 while germination was 
only fairly good at 0.2 to 0.14 (Clements, 1910 : 40). The values of yellow 
pine and limber pine (Pirns flexilis) are not very different, though such 
forests axe usually more open. Douglas fir is much more tolerant, reproduc- 
ing readily in values as low as 0.04, while the mature forest may show mtensi- 

ties below 0.01. , r , , 

As would be expected, the serai sequence conforms to the water and light 

demands. Pinus ponderosa is everywhere the earliest of the three major 
dominants, and is followed by Pseudotsuga, and this a little later by Abies 
as a rule (Clements, 1905 : 270). Pinus contorta is the universal subchmax 
dominant of burns everywhere from central Colorado northward into Alberta 
and British Columbia. In the Rampart Range, about Pike’s Peak and south- 
ward, its role is taken chiefly by aspen. Picea pungens is generally somewhat 
subclimax in moist valleys and canons, while the remaining pines resemble 
Pinus ponder osa in their general successional relations (plate 49). 

’ SOCIETIES AND CLANS. 

The following lists are for the central Rocky Mountains and are based 
chiefly upon studies made in Colorado (Clements, 1904 : 8). Rydberg (1915) 
has given comparative lists of the herbaceous flora of the different regions, and 
Shreve (1915 : 32, 35) has noted the characteristic species of the pine and fir 
forests of the Santa Catalina Mountains of Arizona. The majority of the 
genera in the latter are those of the central region, though the species are 
largely different. The central and northern areas are seen to resemble each 
other closely in the important species, when it is recognized that the transition 
region of northwestern Montana and northern Idaho belongs rather to the 
Coast forest. Because of the shortness of the season, it is convenient to dis- 
tinguish but two aspects, a vernal and an estival. 


Societies: 

Shrubs — 

Acer giabrum. 

Bet ula occidentalis. 
Primus pennsylvanica. 
Cornua amomuia. 
Herbs — 

Fragaria vesca. 

Viola biflora. 
Mertensia pratensis. 
Besseya plantaginea. 

Clans: 

Aetaea rubra. 
Habenaria stricta. 
Erigeron giandulosua. 


Vernal Aspect, 


Opulaster opulifolius. 
Ribes lacustre. 
Arctostaphylus uva-ursi. 


Heuchera parvifolia. 
Pseudoeymopterus montanus. 
Pentsxemon gracilis. 
Pentsiemon secundiflorus. 

Pirola chlorantha. 

Smilacina stellata. 

Estival Asvect. 


Jamesia amerieana. 
Rosa acieuiaris. 
Viburnum paucifloruxn. 


Washingtonia obtusa. 
Aralia nudicaulis. 
Atragene alpina. 


Viola blanda. 
Calypso borealis. 


Arnica cordifolia. 
Gentiana amarella. 
Potentilla glandulosa. 
Pirola uliginosa- 
Saxifraga broncbialis. 
Heracleum lanatum. 

Pirola secunda. 

Androsace septentrionalis. 


Valeriana silva tic a. 
Senecio cernuus. 
Haplopappus parryi. 
Gentiana affinis. 
Streptopus amplexifolius. 
Aquilegia coerulea. 

Galium triflorum. 
Peramium ophioides. 


Societies: 

Thalictrurn fendieri. 
Galium boreale. 
Geranium eaespitosum. 
Geranium richardsonii. 
Castilleia miniata, 
Erigeron asper. 

Clans: 

Allium cernuum. 
Solidago oreophila. 
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THE SIERRAN MONTANE FOREST 

PIHUS ASSOCIATION. 

Extent —The northern limits of the montane forest of the Pacific coast are 
extremely difficult to draw, owing to the fact that Pseudotsuga continues into 
the Coast forest as an important dominant and also occurs with Firms pon- 
derosa in both the transition and the Petran montane forest. In general, its 
northern limit is regarded as determined by the disappearance of Pinus 
lambertiana, Libocedrus decurrens , and Abies concolor. This forest extends 
well into southern Oregon on the Siskiyou and Coast ranges and to central 
Oregon along the Cascade Mountains. It is found on the eastern slope of the 
Cascades and reaches its eastern limit in the lake region. In northeastern 
California it is present on both slopes of the Sierras, but southward from Lake 
Tahoe it is almost confined to the western one. The northern Coast ranges 
exhibit this community as far south as Lake County, but it yields to the red- 
wood forest along the coast. It is fragmentary in the southern Coast ranges, 
but becomes the typical forest at the proper levels in the San Rafael, Sierra 
Madre, San Bernardino, San Jacinto, and Cuyamaea Mountains. It reaches 
the southern limit in the San Pedro Martir Mountains of Lower California. 

The range in altitude is exceptionally great. In the Coast ranges of northern 
California and Oregon the montane forest occui's at altitudes of 1,000 to 3,000 
feet, while in the Cascades it is found at 2,000 to 6,000. In the central Sierras 
the general elevation is 3,000 to 6,000, but this increases steadily toward the 
south and the upper limit reaches 7,000 to 8,000 feet in southern California 
and 8,000 to 10,000 feet in Lower California. 

DOMINANTS. 

Pinus ponderosa jeffreyi. Pinus coulteri,- 

Pseudotsuga mucronata Sequoia gigantea. 

MACROCARPA. CUPRESSUS GOVENIANA. 

Pinus attenuata. Picea breweriana. 

The major dominants of the association are Pinus lambertiana , P. ponderosa , 
Pseudotsuga mucronata , Abies concolor , and Libocedrus decurrens. All of these 
occur from the northern limit of the area in central or southern Oregon to the 
San Pedro Martir mountains in Lower California, though the Douglas fir is 
represented in southern and Lower California by its variety, Pseudotsuga m. 
macrocarpa. In somewhat similar fashion, Pinus ponderosa is replaced ab 
higher levels by P. p. jeffreyi. The remaining species are all of secondary 
importance. Pinus attenuata ranges from central Oregon to southern Cali- 
fornia, and P. coulteri extends from central to Lower California. Both are 
relatively xeroid and subclimax in character. Sequoia gigantea is the most 
interesting of the dominants, but it is restricted to scattered groves on the 
west slopes of the Sierra Nevada from Placer County to Tulare County. These 
are the survivors of what must have been an extensive consociation in later 
Tertiary times. Cupressus goveniana occurs sparsely through the Coast 
region from IJkiah to Dulzura near San Diego. Picea breweriana is localized 
in northwestern California and adjacent Oregon. 

Three species of broad-leaved trees occur so frequently in the montane 
forest that they require mention. These are Quercus calijornica 1 Q. garryana , 
and Arbutus menziesii. They are all subclimax in character and occur corn* 


Pinus lambertiana. 
Pinus ponderosa. 
Pseudotsuga mucronata. 
Abies concolor. 
Libocedrus decurrens. 
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monly in the edges of the forest or in the more open stands or outposts of 
Douglas fir or yellow pine, Quercus calif arnica and Arbutus extend through 
the association to southern California, while Q. garryana has its southern limit 
in the Santa Cruz Mountains. 

Groupings. — The great mass of the association is constituted by the five 
major dominants in the most variable proportions. In 50 localities from 
Crater Lake to southern California, 4 or usually all 5 of these were found in 
more than half the cases. "While mixed forest is the rule, Pinus ponder osa 
and Psevdotsuga mucronaia often occur in extensive pure stands, or they may 
be mixed in more or less equal numbers. Abies concolor also occurs pure, but 
to a less degree. On the other hand, Pinm lambertiana and Libocedms prac- 
tically always occur in mixture, in which they rarely make more than 15 per 
cent of the stand. Sequoia gigantea occasionally is found in pure stands, but 
it is usually associated with Pinus lambertiana and Abies concolor , and with the 
latter alone at the higher elevations. It is less commonly mixed with yellow 
pine and incense cedar, and still less with Douglas fir. Toward the Coast 
forest on the north and west, and the Petran montane forest in central Oregon, 
the typical members of the community drop out, leaving only the yellow pine 
and Douglas fir, in mixture or in pure forests. At the highest altitudes reached 
by the montane forest, Abies concolor and Pinus jeffreyi are the chief domi- 
nants, extending more or less into the subalpine forest above. The excep- 
tional solidarity of the association is shown by its composition in the desert 
ranges near its southern limit. Pinus ponderosa, P. lambertiana , Libocedms 
decurrens , Abies concolor, Pseudotsuga macrocar pa, and Pinus coulteri form 
the montane forest on the San Jacinto Mountains (Hall, 1902 : 19) and in 
the San Pedro Martir Mountains of Lower California (Goldman, 1916: 313). 

Of the minor dominants, Pinus attenuata is the only one which forms exten- 
sive pure forests. It resembles lodgepole pine in making dense growth in 
burned areas, and hence is properly subclimax. In the southern half of Cali- 
fornia, it occurs frequently with Pinus coulteri in the lower portion of the 
forest, where they are associated with P. ponderosa , Pseudotsuga macrocarpa , 
and Libocedms . Pseudotsuga macrocarpa is thought by Sudworth (1908 : 105) 
to have occurred formerly in larger pure stands in southern California, but 
to-day it ranges widely through the montane zone in small groups or scattered 
singly, and extends down into the chaparral formation (plate 50). 

Factor and serai relations. — The montane association grows in a rainfall 
of 80 inches in the Coast ranges of northern California. The rainfall decreases 
regularly toward the south, until it reaches 20 inches in the montane zone of 
the San Jacinto and San Pedro Martir Mountains. No figures are available 
for evaporation, but it must be much greater to the southward also. It is 
surprising that such great changes in the water relations do not have a marked 
effect upon the composition, but the latter is modified chiefly by the substi- 
tution of Pseudotsuga macrocarpa for P, mucronaia. The height of the domi- 
nants and the density of the stand, however, are greatly reduced in the 
southern ranges. Even a more striking adjustment to water and temperature 
is seen in the upward movement of the zone, from a lower limit of 1,000 feet 
or less in the north to 8,000 or 9,000 feet in Lower California. 
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While no factor studies have been recorded for the Sierran montane forest, the 
experience of foresters has enabled them to indicate the comparative relations 
of the dominants to both water and light, Larsen and Woodbury (1016 : 7) 
have shown the soil and water requirements of the major dominants in the 
following, in which the order is from more exacting to less exacting. As to 
light requirements, the dominants are ranked from the least tolerant to those 
most tolerant of shade. 


Soil. 

Water. 

Light. 

Pseudotsuga mucronata. 

Abies concolor. 

Pinus lambertiana. 

Libocedrus decurrens, 

Pinus ponderosa, 

Pinus Jeffreyi. 

Pinus lambertiana. 
Pseudotsuga mucronata, 

Abies concolor. 

Libocedrus decurrens. 

Pinus ponderosa. 

Pinus jeffreyi. 

Pinus attenuata. 

Pinus ponderosa. 

Pinus jeffreyi. 

Pseudotsuga mucronata. 
Pinus lambertiana. 

Abies concolor. 

Libocedrus decurrens. 


The general relation of the dominants to the combined influence of water 
and temperature is shown by the order in which they occur with increasing 
altitude. The lowermost species are Pinus aitenuata , P. coulteri , and Pseudo - 
tsuga macrocarpa , followed by Finns ponderosa , Pseudotsuga mucronata , 
Libocedrus decurrens , P. lambertiana, Abies concolor , and P. jeffreyi. This is 
the order of the potential succession (Clements, 1916 : 108). It corresponds 
closely with the actual serai sequence of the dominants, when the difference 
in the tolerance and zonal position of Libocedrus and Finns jeffreyi is taken 
into account. The first three species are essentially subclimax, Pinus ponde- 
rosa is the first and most xerophytic of the true dominants in the lower half 
or more of the forest and P. jeffreyi in the upper, and Pseudotsuga is next. 
The remaining three differ but little, since the greater tolerance of Libocedrus 
is offset by a smaller water requirement. 

SOCIETIES. 


Shrubs are well developed in the montane zone, but they reach their best 
expression in open woodland and in clearings where fire has been active. 
They disappear largely or completely in the closed forest stands, in which 
herbaceous societies are more or less prominent. Many of the shrubs belong 
to the same genera as the dominants of the chaparral and hence form com- 
munities with a striking resemblance to the latter. While they ultimately 
yield to the montane forest in undisturbed areas, recurrent fires enable them 
to occupy the ground as a more or less permanent subclimax. The latter has 
usually been included in the general term chaparral, but this view is ecologi- 
cally incorrect, as Cooper (1919) has emphasized. 


Shrubs: 

Ceanotlms cordulatus. 
Ceanothus velutinus. 
Ceanothus integerrinms. 
Ceanothus parviflorus. 
Ceanothus prostratus. 
Aretostaphylus patula. 
Arctostaphylus drupacea. 
Castanopsis sempervirens. 
Castanopsis chrysophylla mi] 


Quercus breweri. 

Quercus sadleriana. 

Quercus chrysolepsis vaccini- 
folia. 

Pasania densiflora echinoides. 
Corylus rostrata. 

Prunus demissa. 

Pranus emarginata. 

\ Rhamnus califomica. 


Rhamnus purshiana, 
Holodiscus discolor. 
Amelanehier alnifolia. 
Symphoricarpus oreophilus. 
Symphoricarpus mollis. 
Ribes nevadense. 

Rubus parviflorus. 
Chamaebatia folxolosa. 
Rhus diversiloba. 
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Herbs: 

Pteris aquilina. 

Polystichum munitum. 
Aspidium rigidum. 
Pentstemon graciientus. 
Pentstemon deustus. 
Pentstemon bridgesii. 
Pentstemon labrosus. 
Fragaria virginiana. 
"Washing tonia nuda. 
Monardella odoratissima. 
Adenoeaulum bicolor. 
Lnpinus grayi. 

Lupirms ornatus. 

Hosackia deeumbens neva- 
densis. 


Hydrophyllnm occidentale. 
Lathyras sulphureus. 
Trifolium breweri. 
Castilleia parviflora. 
Pedicularis semibarbata. 
Achillea millefolium. 
Erigeron breweri. 
Microseris nutans. 
Hieracium albifiorum. 
Senecio lugens. 

Crepis occidentalis. 

Crepis intermedia. ^ 
Chaenactis douglasii. 
Antennaria argentea. 


Kelloggia galioides. 
Phacelia ramosissima. 
Draperia systyla. 

Viola lobata. 

Pirola picta. 

Delphinium decorum. 
Silene californica. 

Silene lemmonii. 
Erysimum asperum. 
Eriogonum umbellatum. 
Iris hartwegii. 
Corallorhiza multiflora. 
Sarcodes sanguinea. 


THE COAST FOREST CLIMAX. 

THUJA-TSUGA FORMATION. 

Nature.— The Coast climax of the Northwest is ,* , 7^ t ^200 f eet hkh 
unrivaled magnificence. The mature trees are very tall, 125 to 200 feet high 
and 5 to 15 feet in diameter; or, m the case of Sequoia sempervirens, 300 feet 
or more high and 10 to 20 feet in diameter. They form a dense canopy which 
makes a deep shade, in which secondary trees find growth all but impossible. 
In the mature forest, layers of shrubs and herbs are poorly developed or con- 
sist of relatively few species. The layer of duff and organic soil is deep, and 
the conditions within the forest are almost ideal for germination and growth, 
except for the low light intensity. The number of major dominants is prac- 
tically the same as in the montane forest, with which the Coast climax shows 
a close relationship. The dominants are much more restricted in range, 
however, especially from east to west. As a consequence, the cedar-hemlock 
forest shows less differentiation, and it might well be regarded as composed 
of a single association. The breadth and importance of the transition zone 
between it and the montane forest, together with other reasons discussed later, 
seem such as to warrant the recognition of two associations. 

Extent— As the name implies, the Coastal climax has its greatest develop- 
ment, along the Pacific coast. The main body of the formation stretches from 
southern British Columbia to northern California, but several of the major 
dominants extend much farther northward 'as well as southward.^ The 
northernmost in range is Picea sitchensis, which finds its boreal limit at Cook 
Inlet and Kodiak Island, Alaska. Tmga heterophylla and Chamaecypans 
nootkatensis extend nearly as far, reaching Prince William Sound, while 
Thuja plicata is found in southern Alaska and Abies amabilis at the extreme 
southern end. The most southerly range is that of Sequoia sempervirens, the 
last outposts of which are found in the Santa Cruz and Santa Lucia Mountains 
of California. This striking species is practically confined to this State, occur- 
ring elsewhere in but few groves just across the Oregon line. Four other 
major dominants are found with the redwood to Mendocino, Sonoma, and 
Marin Counties. These are Tsuga heterophylla, Thuja plicata, Picea sitchensis, 
and Abies grandis. While Pirns monticola, Pseudotsuga mucronata, and other 
members of the transition association extend farther south, especially in the 
Sierra Nevada, it is as dominants of the subalpine or of the montane forest. 
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While the best expression of this formation is along the coast, if extends to 
the Cascades and covers their western slopes in typical form. East of the 
Cascade Mountains, it passes into a broad transition forest which reaches to 
the western slopes of the main range of the Rocky Mountains in northern 
Montana and southeastern British Columbia. In the Cascade Mountains 
of central Oregon, it is replaced by the montane forest, and becomes more and 
more restricted to the coastal belt from this point southward. In similar 
manner, it is replaced in central British Columbia by the montane forest, 
though the coastal belt remains somewhat broad as a result of the numerous 
islands and inlets. 

In altitude, the Coast forest extends from the sea-level as far as 3,000 to 
6,000 feet in the Coast ranges and the Cascades. On the interior ranges, it 
reaches its upper limit at 5,000 feet or lower. 

Unity. — The treatment of the Coast climax as a distinct formation is 
abundantly justified by the regular association of the major dominants from 
Alaska to California and from Washington to Montana. As already indicated, 
five of these occur in Alaska, and five also in California, three of these, Tsuga , 
Thuja , and Picea , being common to both extremes. The number of dominants 
with a wide lateral range is even greater. Those which range from the Coast 
to Montana are Tsuga heterophylla, Thuja plicata , Abies grandis , Larix occi- 
dentalism Finns monticola , Pseudotsuga mucronata, and Pinus contorta , while 
Picea engelmanni and Pinus ponderosa extend as dominants from the Cas- 
cades to Montana. While there is a 
marked change in the rank of the 
dominants as the Cascade Moun- 
tains are passed, this is clearly con- 
nected with the differentiation of 
associations. The ecological char- 
acter of the forest remains essen- 
tially the same toward the limits 
at the east, except where more or 
less subclimax dominants, such as 
Pinus ponderosa and P. contorta , 
become controlling. 

Geographically, the ferest be- 
longs to the Coast and tho Colum- 
bia Basin. At the higher levels, 
the latter, like the former, is are- Fig. 10. — Monthly and total rainfall for represent- 
gion Of relatively high rainfall and localities in the associations of the Coastal 

low evaporation. The tempera- 
ture relations are less uniform from east to west at least, but this is reflected 
in the mixing of the two climaxes and the differentiation of a transition com- 
munity (fig. 10). 

Relationship and contacts.— As the last statement indicates, the closest 
relationship of the Coast forest is with the montane climax. They resemble 
each other much in the size and vigor of the dominants and in the luxuriance 
of the forest itself. This is reflected by the important role of Pseudotsuga 
mucronata in both and the significant occurrence of closely related Sequoia 
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consociations in each. Other important species which they have in common 
are Firms monticola , P. ponderosa, and P. contoria , while such subclimax 
species as Arbutus mmziesii and Quercus calif ornica occur in both. By far the 
most significant fact, however, is the association of 5 coastal dominants with 
4 from the montane forest to constitute the transition community. 

The chief contact of the Coast climax is with the montane forest. They 
are in touch with each other from northern California to central Oregon, and 
then as outposts through northeastern Oregon to Idaho and Montana. This 
contact continues through British Columbia to the sixtieth parallel. Here the 
montane and subalpine forests give way to the boreal forest of Picea mariana } 
p, alba , and Pinus divaricata , which covers the interior of Yukon and Alaska 
behind the coastal strip of Picea sitchensis and Tsuga heterophijlla. On the 
mountain ranges of the central area the Coast forest meets the subalpine 
climax at altitudes of 5.000 to 7,000 feet. They mingle over a wide mountain 
ecotone, and in the transition association, Picea engelmanni and Abies lasio - 
carpa form subclimax communities at exceptionally low levels. 

Associations, — The chief reasons for recognizing two associations in the 
Coast formation have already been touched upon. It may be well to state 
them explicitly here, as this involves a readjustment of the current views. 
The first and most important of these reasons is the change of dominance 
from the western to the eastern portion. Picea sitchensis drops out before the 
Cascade Mountains are crossed, while Tsuga and Thuja change from primary 
to secondary rank. Pseudotsuga continues to be of the first importance, but 
shares this with several other dominants. A second reason of almost equal 
significance is that Pinus monticola and Larix occidental is reach their best 
development and maximum dominance in the mountains of northern Idaho 
and the adjacent region. The behavior of Picea engelmanni and, to a less 
extent, of Abies lasiocarpa in descending from the subalpine forest to play 
an important role in valleys and on north slopes, is also significant. Further- 
more, the subdominants of the transition forest and its subclimax stages are 
largely Rocky Mountain in relationship, especially in Idaho and Montana. 
Finally the differences in the vegetation are correlated with a similar differ- 
entiation of the climate. Over the region of the coastal community, the rain- 
fall ranges generally from 50 to 80 inches, with a maximum in the Olympic 
peninsula of more than 100 inches. Over most of the transition forest the 
rainfall is only 20 to 85 inches, with a maximum of 40 inches only in the 
Bitter Root range. There is likewise a marked difference in the annual dis- 
tribution for the two regions. In the case of the eastern area, 30 to 60 per 
cent of the precipitation occurs between April 1 and September 30, while 
in the western but 10 to 30 per cent — z. e, 9 70 to 90 per cent of the rainfall 
takes place during the winter months. The significant difference in tempera- 
ture relations is indicated by a mean temperature of 45° to 52° and a minimum 
one of 14° to —4° for western Washington, and of 38° to 45° and —25° 
to —49° for western Montana. 

The two associations may be almost equally well designated on the basis 
of location and composition. The latter seems to afford the more clear-cut 
and convenient distinction. The western or coastal portion is hence termed 
the cedar-hemlock forest or Thuja-Tsuga association and the eastern is called 
the larch-pine or Larix-Pinus association. 
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THE CEDAR-HEMLOCK FOREST. 

THUJA-TSUGA ASSOCIATION. 

Nature and extent. — This.is much the more massive and continuous of the 
two associations. The dominants are fewer and the composition less varied, 
though the northern and southern extremes show striking differences from 
the central portion. The trees are taller, the canopy denser, and the shrubby 
undergrowth often developed to form almost impenetrable thickets. The 
most typical expression of the forest is found between the coast and the upper 
slopes of the Cascade Mountains from southern British Columbia to northern 
Oregon. The long extension to the northward in Alaska shows a more or less 
similar ecological character, but becomes reduced practically to two domi- 
nants, Picea siichensis and Tsuga heterophylla. The southward prolongation 
into California resembles the main portion in the presence of practically all 
its dominants, but this narrow coastal strip is differentiated by the paramount 
role of Sequoia sempervirens (plate 51). 

DOMINANTS 

Tsuga heterophylla. Abies grandis. 

Thuja plicata. Sequoia sempervirens 

Picea sitchensis. Abies amabilis. 

PSEUDOTSUGA MUCRONATA. 

Pseudoisuga mucronaia is much the most important dominant with respect 
to abundance. It is the typical species of burned areas, and hence has more 
or less of the nature of a subclimax, particularly in view of its relatively low 
tolerance. In addition, it is a major dominant of the montane forest, and for 
these reasons it is less characteristic of the association than Tsuga and Thuja . 
The essential character is given by Tsuga, Thuja , Picea , and Sequoia , prac- 
tically all of which attain their best development along the coast or in low- 
lands. Abies grandis is almost equally important in the larch-pine association 
and A . amabilis in the subalpine forest. Abies nobilis and Chamaecyparis 
nootkatensis also occur to some extent in the subalpine forest. While the 
latter ranges to the northern limits of the formation in Alaska, it drops out 
in northern Oregon. Abies nobilis is restricted to western Washington and 
Oregon and Chamaecyparis lawsoniana practically to the fog belt from Coos 
Bay, Oregon, to Humboldt Bay, California. 

Groupings. — The typical grouping of the cedar-hemlock forest is Pseudo - 
tsuga , Tsuga, Thuja , and Picea . According to Gannett (1900 : 14) Pseudoisuga 
forms 64 per cent of the standing timber in western Washington, Tsuga 16 
per cent, Thuja 14 per cent, and Picea 6 per cent. In western Oregon, the 
figures are Pseudoisuga 81 to 85 per cent, Tsuga 6 to 7 per cent, and Thuja 
1 to 2 per cent (1899 : 43), excluding the coast region where Picea occurs. 
All of the four major dominants may form pure stands, but this is exceptional 
for Thuja and frequent for Tsuga and Picea only in the north. It is more or 
less common in the case of Pseudoisuga , though as a rule the other dominants 
are scattered through this consociation. Near the coast from British Columbia 
to California, Douglas fir and Sitka spruce are the chief associates, while in 
California Pseudoisuga and Sequoia are most important. According to Sud- 
worth (1908 : 147), the redwood is rarely pure, but usually forms 50 to 75 


Abies nobilis. 

Chamaecyparis nootkatensis. 
Chamaecyparis lawsoniana. 
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per cent of the stand, with Douglas fir most abundant except in damp places, 
and more or less Abies grandis , Tsuga, and Thuja . On river flats along the 
coast, scattered Picea, Chamaecyparis lawsoniana , Tsuga , and Abies occur in 
it. Abies amabilis and A . nobilis occur more or less commonly through the 
groupings of the four major dominants, but usually form only a small fraction 
of the stand, as is true also of Chamaecyparis nooikatemis. 

Tsuga heterophylla and Picea sitchensis constitute the coastal forest of 
Alaska. Sometimes they form pure stands, but they usually occur in mixture, 
one or the other being dominant, Picea preferring the vicinity of the coast. 
In southern Alaska they are more or less mixed with Thuja plicata, Abies 
grandis and A, amabilis, and Chamaecyparis nooikatemis . 

Factor and serai relations. — The cedar-hemlock forest occupies a region of 
excessive rainfall and frequent or constant fog, with consequent low evapora- 
tion. Over much of it the annual rainfall is in excess of 80 inches, the range 
being 50 to 120 inches. In the United States 10 to 30 per cent of this falls 
during the six winter months, and much the same conditions obtain to Sitka 
and beyond. The temperatures are generally equable except at the higher 
altitudes. The absolute minimum as far north as Sitka is but —4°. 

Quantitative studies of the water and light relations of the dominants are 
still few (cf. Cooper, 1917 : 179), but they are in general agreement with the 
topographic and serai relations. The following table of tolerance, based upon 
successional relations, agrees fairly well with the conclusions of foresters. 
The sequence is from the least to the most tolerant. 


Pseudotsuga mucronata. 
Abies nobilis. 

Abies grandis. 


Tolerance of Dominants. 

Abies amabilis. Picea sitchensis. 

Sequoia sempervirens. Thuja plica ta. 

Chamaecyparis nootkatensis. Tsuga heterophylla. 


The last five are unusually close in their tolerance, and the order given here 
is not infrequently changed by soil, water, or temperature relations. In a 
region of such excessive precipitation, the water relations are less clear and 
are much influenced by temperature. The general relation to these com- 
bined factors is indicated by the altitudinal range, though this is not in full 
accord with that in latitude. The typical fog-belt trees are Picea sitchensis , 
Sequoia sempervirens , and Chamaecyparis lawsoniana. These represent the 
maximum conditions as to water-content and humidity. They are followed 
closely by Thuja plicata, and this by Tsuga heterophylla and ^ Abies grandis . 
The ability of Abies amabilis, A. nobilis , and Chamaecyparis nootkatensis to 
endure more xeroid conditions is indicated by the fact that they occur in the 
subalpine zone, where the first is frequent at timber-line. Pseudotsuga is the 
most xeroid of all the dominants, a fact in complete accord with its dominance 
in burns and its importance in the montane forest. 

SOCIETIES. 

The development of shrubby societies often reaches a maximum in the 
cedar-hemlock forest, though the actual number of species is few. As a con- 
sequence^ the light at the ground level is greatly reduced, and the herba- 
ceous societies as a result are poorly developed. 
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Shrubs: 

Gaultberia sballon. 
Rerberis nervosa. 

Berberis aquifolium. 
Vaccinium parvifolium. 
Vaccinium macrophyllum 
Vaccinium ovatum. 

Salix scouleriana. 

Acer circinatum. 

Acer glabrum. 

Cornus nuttallii. 

Serbs: 

Pteris aquilina. 

Epilobium spicatum. 
Blechnum spicant. 
Polystichum munitum. 
Anaplialis xnargaritacea. 
Adenoeaulum bicolor. 
Oxalis oregona. 

Oxalis pumila, 

Fragaria vesca. 

Cornus canadensis. 
Trientalis latifolia. 
Clintonia uniflora. 

Asarum caudatum. 

Actaea spicata arguta. 


Echinopanax horridum. 
Sambucus callicarpa. 
Sarabucus glauca. 
Rubus parvifiorus. 
Rufous spectabilis 
Ribes sanguineum. 
Ribes bracteosum. 
Ribes laxiflorum. 

Ribes lacustre. 

Pirns diversifolia. 


Tiarella trifoliata. 
Teliima grandiflora. 
Mitella trifida. 

Pirola picta. 

Aquilegia formosa. 
Anemone oregana. 
Anemone quinquefoiia. 
Antennaria racemosa. 
Disporum smithii. 
Streptopus roseus. 
Washingtonia divaricata. 
Vancouveria bexandra. 
Viola sempervirens. 


Menziesia femiginea. 
Paehystigma myrsinites. 
Chimaphila umbeliata. 
Linnaea borealis. 

Spiraea rnenziesii 
Symphori carpus mollis. 
Viburnum ellipticum. 
Prunus emarginata. 
Rhododendrum ellipticum. 


Viola howellii. 

Lilium parviflorum, 

Latbyrus polypbyllus. 
Trillium ovatum. 

Smilacina amplexicaulis. 
Apocynum androsaemiiolium. 
Lupinus iepidus. 

Lupin us rivularis. 

Ranunculus occidentalis. 
Ranunculus oreganus. 

Calypso borealis. 

Moneses uni flora. 

Dicentra formosa. 


THE LARCH-PINE FOREST. 

LARIX-PINUS ASSOCIATION. 

Nature and extent. — The transition forest shows much of the general char- 
acter of the coastal association, but in a smaller way. The trees are not so 
vigorous and the association is less dense and exclusive. Of the four major 
dominants of the cedar-hemlock forest, Picea sitchensis has disappeared, Tsuga 
and Thuja are greatly reduced in importance as a rule, and Pseudotsuga shares 
the control with several equally important species. The canopy is more open 
and the undergrowth richer in both species and individuals. There is a wider 
range of habitat conditions with the result that the major dominants are more 
equal in rank and occur in more clearly differentiated groupings. 

This association occupies the eastern slopes of the Cascade Mountains of 
Washington and Oregon, below the subalpine zone. It stretches across the 
mountains of northern Washington into northern Idaho and northwestern 
Montana, reaching its eastern limit on the western slopes of the Continental 
Divide. It is found on the Gold and Selkirk Ranges of southeastern British 
Columbia and in the Blue and Wallowa Mountains of Oregon and adjacent 
Washington, From here it extends eastward through the ranges of Idaho to 
the southern portion of the Bitterroot Mountains. To the southeast, as well 
as in the interior ranges of British Columbia and northern Washington, it is 
often reduced to one or two of the dominants found in the Petran montane 
forest, and it then becomes impossible to draw a clear line between the two 
formations (plate 52). 

DOMINANTS, 

Larix occidentalis. Thuja plicata. 

Pintjs monticola. Tsuga heterophylla. 

Abies grandis. Pseudotsuga mucronata. 


PlNUS PONDEROSA. 
PlNUS CONTQRTA. 

Picea engelmanni. 
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The first five species represent the coastal association, the others the mon- 
tane forest. Pseudoisuga , however, belongs to both, and Picea engelmanni is 
normally a dominant of the subalpine zone. Pinus monlicola is also more or 
less montane in character, ranging far south into the Sierra Nevada. Like 
Larix occidentalism it reaches its optimum development in northern Idaho and 
the adjacent regions, and these two may well be regarded as the most typical 
dominants of the transition forest. While Abies grandis ranges from the 
Coast to northwestern Wyoming, it too is more characteristic of the transition 
forest, largely perhaps because of the absence of the more tolerant species. 
Tsuga and Thuja occur generally throughout the region, but are usually of 
minor importance. Tsuga drops out first toward the boundaries of the 
forest, leaving Abies and Thuja to represent the final stage of the climax. 
Pinus ponderosa , P. contoria, and Picea engelmanni are all of the widest range 
and play a part in at least two formations. 

Groupings. — The groupings of the dominants of the larch-pine forest are 
numerous and complex. The drier areas are generally controlled by Pinus 
ponderosa and Pseudoisuga , with more or less P. contoria , Abies grandis , and 
Larix , The moister ones are dominated by Pinus monticola and Larix , with 
varying amounts of Thuja , Tsuga , and Picea engelmanni . In the Priest 
River region Leiberg (1899 : 246) gives the abundance of the dominants as 
follows: yellow pine zone Pseudoisuga 70 per cent, Pinus 10 per cent, Abies 
15 per cent; white pine zone Pinus monticola 42 per cent, Larix 35 per cent, 
Thuja 8 per cent, Picea engelmanni 6 per cent, Tsuga 3 per cent, Abies 2 
per cent. In the Bitterroot Mountains where the western species are im- 
portant, the percentages are: Pinus contoria 25, Picea engelmanni 19, Pseu- 
doisuga 14, Pinus monticola 12, Abies grandis 9, Larix 6, and Thuja 4. Where 
the montane element predominates the values are: Pseudoisuga 34, Pinus 
ponderosa 21, P. contoria 17, Picea engelmanni 11, Thuja 5, Abies 4. In the 
Flathead region of Montana Larix and Pseudoisuga are often the most im- 
portant, with all the other dominants present here and there in some degree. 
In the Selkirks Thuja and Picea usually occupy the valleys and Pseudo - 
tsuga and Tsuga the slopes, while Pinus monticola, Larix , Pinus contoria , and 
P. ponderosa also occur. In eastern Washington Pinus and Pseudoisuga are 
controlling, with considerable Larix , Pinus contoria , P. monticola , and a small 
amount of Tsuga and Thuja . The dominants of the Blue Mountains are 
Pinus ponderosa , Pseudoisuga , Abies grandis , Larix , and Pinus contoria . 

I actor and serai relations. — The general climatic relations of the larch-pine 
forest have already been pointed out (p. 216). Larsen (1916: 437) has indi- 
cated the general water and light relations of the dominants in the following 
lists: 

Water-content, on wet ground : Picea engelmanni , Tsuga heterophylla , Thuja 


ater-content, moist or intermediate ground : Pinus monticola , Abies grandis, 
Larix occidentalism 

W ater-content, dry ground : Pinus contoria , Pseudoisuga mucronata, Pinus 
ponderosa. 

1 olerance: Pinus ponderosa , Larix occidentalis, Pinus contoria , Pseudoisuga 
mucronata, Pinus monticola , Picea engelmanni , Abies grandis , Tsuga heiero - 
phylla, Thuja plicata . 





A. ]*sLU(h)tsu(i(i, Tsnfjn, and Finns nmnf irolo, Carson, Washington. 

Ih Psrm/olsinfn , Pains inonlirolu. and Thnjn . Frit •'I Kivor, Idaho. 



THE LARCH-PINE FOREST. 


221 


The range in altitude is shown by the following list, in which the order is 
descending. The first two belong primarily in the subalpine forest. 

Abies lasiocarpa, Abies grandis Pinus monticola. 

Picea engelmanni. Larix oeeidentaiis. Tsuga heterophylia. 

Pinus contorta. Thuja piicata. Firms ponderosa. 

Pseudotsuga mucronata. 

Weaver (1917 : 19) has studied succession in the transition forest near 
Moscow, Idaho, and has determined its relation to water-content, evaporation, 
and soil temperature. Thuja is the final dominant in this region, Tsuga being 
absent. The sequence is as follows: Symphoricarpus-Opulasier, Pimis-Pseudo- 
tsuga, Pinus , Pseudotsuga, Larix- Abies, Larix, Abies, Thuja (Tsuga). 

The water-content of the yellow pine community ranged from 5 to 15 per 
cent lower than in the Douglas fir-larch, and 20 to 30 per cent below that in 
the grand fir-larch, while in the latter it was 10 to 40 per cent lower than in the 
final cedar forest. Evaporation in the latter was 2 to 5 c.c. less daily than in 
the Pseudotsuga-Larix mictium and 5 to 15 c.c. less in this than in the yellow 
pine forest. The soil temperatures decreased with much uniformity from the 
pine to the cedar community. The minimum light value for the Pseudotsuga 
forest is about 0.02, for the Larix-Abies mictium 0.01 to 0.007, and for the 
Thuja forest 0.005 to 0.003. 

SOCIETIES. 

The number of these depends primarily upon the light intensity. In the less 
shady Larix-Abies forest, the number is fairly large and the shrub layer is 
well-developed, while the deep shade of the Thuja forest permits but a small 
number to persist (W T eaver, 1917: 86, 88). 


Shrubs: 

Ghimapliila umbellata. 
Lonicera utahensis. 
Menaiesia ferruginea. 
Pachystigma myrsinites. 

Herbs: 

Actea spicata arguta. 
Adenocaulum bicolor. 
Anemone quinquefolia. 
Arnica cordifolia. 
Asarrnn caudatum. 
Clintonia uniflora. 


Shrubs: 

Ribes lacustre. 

Herbs: 

Aconitum columbianum. 
Anemone quinquefolia. 
Asaram caudatum. 
Athyrium eyeiosorum, 
Circaea pacifica. 


LARIX-ABIES COMMUNITY. 

Pirus sitchensis. 

Ribes viscosissimum. 

Ribes lacustre. 

Rosa pisocarpa. 

Coptis oeeidentaiis. 

Disporum majus. 

Fragaria vesca. 

Linnaea borealis longiflora. 
Mitella trifida. 

Pirola picta. 

THUJA COMMUNITY. 

Rubus parviflorus. 

Claytonia asarifolia. 

Clintonia uniftora. 

Coptis oeeidentaiis. 

Smilacina amplexicaulis. 
Streptopus majus. 


Rubus parviflorus. 
Sambucus melanocarpa. 
Vaccinium macropbyilum. 


Streptopus majus. 
Thalictram occidentals. 
Tiarella unifoliata. 
Smilacina amplexicaulis. 
Trillium ovatum. 
Washingtonia divaricata. 


Tiarella unifoliata. 
Trillium ovatum. 
Viola glabella. 
Viola orbiculata. 
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THE SUBALPINE FOREST CLIMAX. 


PICEA-ABIES FORMATION. 


Mature. The subalpine climax is the most variable of all the forests in its 
ecological character. At its contact with the montane forest, the trees are 
often 100 feet high, the canopy is closed, and a typical undergrowth is present. 
In the ecotone between the two, the respective dominants meet on nearly 
equal terms to form an apparently homogeneous forest. At higher altitudes the 
forest mass becomes more and more open or fragmented and nearer timber- 
hne is broken up into isolated groves and clumps. The individuals decrease 
steadily m stature as the altitude increases and at timber-line they are either 
greatly dwarfed or much deformed by the action of wind or snow. It is 
exceptional that an actual forest community exists at timber-line when the 
latter is due to climatic rather than local causes. The subalpine forest may be 
bordered by a more or less complete zone of scrub, consisting of willows, birches, 
or heaths, at its upper edge, or it may yield directly to alpine sedgeland. 

le latter may extend down into the forest for considerable distances 
along valleys or on rock or gravel slides, and as a consequence often furnishes 

the undergrovrth at the higher altitudes. There is generally a 
i en enc} to form pure stands, as a result of the rigorous c lim atic 

SrLf T! eS - ? e r iber 0f the latter is e ^ a % "educed toward 
' e t ’ whlcil 1S often formed for long distances by one or two species. 

The subaJpine forest is found from Alaska and Yukon to Mexico 
_ ,i ■ , ei ; f Torma, wherever the altitude is sufficiently great. At the 

it meet^rf S< Tp ^ “J 0 the P lains east of the Rocky Mountains where 
4w aS b °ff Ptcea-Abies climax. South of the northern portion of 
“-f f™ 0 ™’ and of Sierra Nevadas, it is fragmentary and 

crests o X ^o i by b 0n n°i tW ° 5peci6S - Its eastem limit lies al °i the 
Jacinto Son £ * *?“ geS m , C °. lorado ’ and the western is found on the San 
an + d Sierra Nevada ranges north to the Sislciyous. 

OhnnnS end ih f g r n w tile Westem Umit mQS alon § the Cascades to the 
ranSS f aad th ® peak ; s of Vancouver Island, from which it follows the Coast 

contorta whielvn °i" f*. ln , A j a ^. a ' The northernmost dominant is Pinus 
tah Ss^n ?Sl eS 6 in Yuk ° n - Between the two S rea t moun- 
found in reduced fm n Sub ^ pi f? f° rma tion attains its major expression, it is 
and Powder Rive, -ArT °^. the ^ her ran p of the interior, such as the Blue 

and tSnSirt end T P° f ° reg0 ?’ the Charleston Mountains of Nevada, 
ana me Eanammt and Inyo Ranges of southeastern California 


less than tlmt t be su kalpine p^max is necessarily somewhat 

offered by climate torm* 1 ^ an< ^ j° ast ^ orma T° n > owing to the many barriers 
In spite of this ^fact E Phy, + f ‘ i /^ etatl0n to the secies of high altitudes. 

and the northern rw th e Front Range o( Colorado to the Cascades 
practieahy throughoul th “So 
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tinet forms which replace each other. The two other most typical dominants 
are Tsuga mertensiana and Larix lyallii « These are essentially Coastal in 
character, but both occur in the transition area of northern Montana and 
Idaho and Larix reaches the Rocky Mountains in southern Alberta. The 
other characteristic dominant is Abies magnifica, which is found only in Cali- 
fornia and southern Oregon, and may well be regarded as the ecological rep- 
resentative of A. lasiocarpa. 

The ecological unity of the formation is -well shown by the behavior of the 
individuals as well as of the community in the upper part of the zone and at 
timber-line, as already noted. This is emphasized by its constant relation to 
the montane forest below it and the alpine climax above. Geographically, 
the formation is consistently one of high mountain ranges and peaks or of 
northern ones. The geographic and topographic relations serve to explain 
the uniformly boreal climate in which it flourishes. This is characterized by a 
short growing season, high precipi- 
tation, largely in the form of snow, 
and wide diurnal and seasonal range 
of temperatures. The long winter 
is often marked by high winds and 
excessive transpiration in relation 
to the chresard, and these have a 
controlling influence in determin- 
ing the timber-line (fig. 11). 


Lake Mora in 

1 

e, Colo. 



25 in. 
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I 

T 
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Frances, Colorado 
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.!lh ii.. 
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Fig. 11. — Monthly and total rainfall for represent- 
ative localities in the Petran subalpine forest. 


Relationship and contacts. — The subalpine climax shows some relationship 
to three different formations, viz, the boreal forest, the Coast forest, and the 
montane forest. Its closest relationship appears to be with the first, since the 
chief dominants in both belong to the two genera, Picea and Abies , and the 
species are also more or less related. It seems probable that the boreal forest 
represents a Tertiary spruce-balsam climax from which the subalpine forma- 
tion was differentiated. The relationship to the Coast forest is shown by the 
species of Abies in the latter, and by the presence of Tsuga and Larix in each, 
though represented by different species. An additional relation is found in the 
fact that Picea engelmanni is common and Abies lasiocarpa not infrequent in 
the lower levels of the transition association of the Coast forest. Finally, several 
dominants of the latter, such as Abies amabilis , A . nobiliSj and Chamaecyparis 
nootkatensis occur frequently in the subalpine zone, and the former especially 
may often form the timber-line. The relationship to the montane forest is 
shown chiefly by the presence in each of closely related species of Picea and 
Abies } though the two genera play a much less important r61e in the montane 
zone. Pinus contorta and Populus tremuloides are common to the two zones, 
and Abies concolor, Pinus jeffreyi , and Pinus monticola form a broad ecotone 
with the subalpine dominants. 

The lower contact of the subalpine formation is with the montane forest 
in the Rocky Mountains from New Mexico to Alberta and in the ranges of the 
interior. This is the case also in the mountains of southern California, the 
Sierra Nevada, and the Cascades to northern Oregon. From here to the 
Kenai Peninsula in Alaska, and to Idaho and northwestern Montana, the 
subalpine forest touches the Coast climax. In northern British Columbia 
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and Alberta, and in the Yukon, it lies in contact with the boreal forest. The 
upper contact is everywhere with the alpine climax when this is present. In 
many places the forest becomes so dwarfed and open as to form what is essen- 
tially an alpine savannah. 

Associations. — The subalpine climax resembles the montane one in its dif- 
ferentiation. This is obviously due to the practically complete separation of 
the Petran and Sierran axes, except in the north. As a result, the formation 
has developed a distinct association along each axis where they are widely 
separated and exhibits a transition area in the north, where they are contigu- 
ous. Since the transition results from the mingling of two associations of the 
same formation, it is undesirable to give a distinct value to it, as was done 
with the broad eeotone between the Coast and montane c limax es 

There are three chief reasons for recognizing two associations. The first is 
that- Picea engelmanni and Abies lasiocarpa are the two major dominants in the 
Rocky Mountains, while they have several codominants from Oregon and 
Idaho to Alaska and are lacking in California. The second reason is that 
Finns flexilis and P. aristata are typical of the Petran axis, but the former is 
replaced in the Northwest and the Sierras by P. albicaulis, and the latter bv 
P. baljourinna in California. The third lies in the fact that Tsuga merlemiana, 
Larix lyallii, and Abies magnified are confined to the western association. 
Furthermore, the societies of the two associations are composed for the most 
part of different species, though the genera are largely identical. 

The two associations may be designated as eastern and western simply as 
Petran and Sierran, or by using the names of typical dominants, as the spruce- 
balsam and pme-hemlock associations. It seems preferable to use the ter m s 
1 etran and bierran as a rule, since the division is similar to that of the montane 
torest. In both cases the word Sierran is used to include the mountain axis 
from California to British Columbia. 

THE PETRAN SUBALPINE FOREST. 

PICEA-ABIES ASSOCIATION. 

. Extent, .-The northern limit of the spruce-balsam forest seems to be in the 
S0U A thern ^on, but the contiguity of the two associations 
I* ^° rest 1S . SUC ^ it is impossible to distinguish their proper 

hnu s with our present knowledge. This association is well-developed in the 

tow5d £T tamS ^ f Br r tl f Co T lumbia and Alberta and extends P eastward 
pJ™* 1 L r ?l aVe Lake- occurs throughout the main ranges of the 
foS in T,/ r01 £ ? l0!ltana , t0 ™ rthem New Mexico and Arizona. It is 
^ l fi p dUCC ' d /S' m ° n , the Charleston Mountains of southern Nevada 
and the Panammt Range of southeastern California. It should probably be 
assigned to the Blue Mountains of Washington and Oregon also, though Tsuqa 
mettemiana occurs on one peak. This illustrates the difficulty in drawinA 
nmt between the two associations in the Northwest, and at present h mSst 
-uffice to assign the spruce-balsam community to the ranges of central Idaho 
and southwestern Montana (plate 53). S 

to8 0 mt U i 9 r?n e r C °f- ’ T geS from 3 ’ 000 to 7,000 feet in the north 
to 3,000 to 12,000 feet m Colorado and New Mexico. 


A. P ice a- Abies association at Monarch Pass, Sa]i(.la, Colorado. 

B. Picea- Abies association on Uncompahgre Plateau, Colorado. 

C. Picea-Pinus arislata at timber-line. Kina’s Cone, Pike’s Peal 
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DOMINANTS. 

PlCEA ENGELMANNI. PlNTTS ARISTATA. PlNTTS FLEXILIS ALBICAULIS. 

Abies lasiocarpa. Pinus flexilis. Pinus contorta, 

Picea engelmanni and Abies lasiocarpa are the two major dominants through 
practically the entire area of the association, except for the ranges of the 
Great Basin. Pinus contorta has a similar extensive range, but it drops out 
in southern Colorado. Pinus flexilis is much less important, though it has the 
widest range of all, extending from Alberta to New Mexico, Arizona, and 
southeastern California. Pinus albicaulis belongs chiefly to the Sierran associ- 
ation, but is found in the Rocky Mountains from Alberta to northwestern 
Wyoming. Pinus aristata is essentially southern in distribution, occurring 
from northern Colorado to northern New Mexico and Arizona and westward 
to the Panamint and Inyo Ranges of southeastern C alif ornia. 

Groupings. — The basic grouping throughout is that of Picea and Abies 
This is varied in the north chiefly by the inclusion of Pinus contorta. Pinus 
flexilis and P. albicaulis may occur in the community here also, and even 
Larix lyallii enters it in Alberta. In northern Colorado the usual group ing 
is Picea, Abies, Pinus contorta, and P. flexilis, while in central Colorado and 
southward the lodgepole pine drops out and Pinus aristata appears. In the 
Pike’s Peak region both Pinus contorta and Abies lasiocarpa are absent and 
the forest consists of Picea engelmanni for the most part, while Pinus aristata 
and P. flexilis become associated with it toward timber-line. On the desert 
ranges of the Southwest, Pinus flexilis and P. aristata alone remain to represent 
the subalpine forest. Extensive pure stands are frequent for Picea, Abies, 
and Pinus contorta, while the mixed forest of Picea and Abies often covers 
great areas without any other dominant except the subcli m ax Populus tremu- 
loides. The last is an important tree throughout the subalpine zone, covering 
burned areas everywhere, in the absence of the lodgepole pine especially. 
It also resembles the latter in occurring in both zones. 

Factor and serai relations. — The precipitation in the central part of the area 
ranges from 22 to 40 inches a year, of which the snowfall is S to 14 feet. On 
interior ranges the rainfall may be somewhat less. The evaporation is much 
less than in the montane zone, the reduction often exceeding 25 to 50 per cent. 
At the lower limit the growing season is 3 to 4 months long, at the upper barely 
2 months. The mean temperatures are 5 to 10 degrees lower than in the 
montane forest, and near timber-line frost occurs frequently or regularly during 
the summer. 

Picea engelmanni is the most mesophytic of the dominants, often growing 
at the edges of streams and in bogs. It is followed more or less closely by 
Abies lasiocarpa, while all the pines are much more xeroid. Pinus contorta 
is the most mesophytic of these, while the remaining species are more or less 
similar, P. flexilis usually growing in the driest situations. As to light rela- 
tions, Picea is the most tolerant, though Abies often equals it. The pines are 
all much less tolerant and do not differ markedly from each other in this 
respect. Pinus contorta is the most tolerant, and P. flexilis and P. aristata 
the least, though all must be regarded as intolerant. 

The water and light relations furnish a clear explanation of the successional 
sequence (Clements, 1910: 54). The main body of the forest is composed of 





SOCIETIES. 


THE SIERRAN SUBALPINE FOREST. 


PINUS-TSUGA ASSOCIATION. 


Picca and Abies, the slight handicap of the latter in competition with Picea 
being offset by its ability to produce new plants by layering. Burn areas are 
dominated by lodgepole pine or aspen, or by the two in varying mixture. 
The aspen yields to the pine, and this in turn to the spruce and balsam. This 
is likewise true of Finns flexilis or P. aristata, where they occur on rocky 
ridges or dry slopes in the heart of the association. W hen the forest becomes 
more open or breaks up into groups toward timber-line, the tolerance of the 
spruce and balsam loses most of its advantage and the pines persist as per- 
manent constituents of the community. 


Owing to its position, the subalpine forest has many societies in common 
with the montane forest in its lower half and with the alpine meadow in the 
upper. The societies are best developed in the central area, and decrease in 
number and importance toward both extremes, but especially to the north. 
The following list for the Colorado region is fairly representative : 


Extent. — The subalpine forest reaches its northern limit along the Pacific in 
the neighborhood of the sixtieth parallel, stretching west in Alaska from Lynn 
Canal to Cook Inlet. It follows the summits of the Coast ranges southward 
to southern British Columbia, where it- broadens out to the eastward and 
comes into contact with the Petran association in Alberta and Montana. It 
occurs throughout the mountains of Washington from the Olympics to those 
of the northeastern part of the State, but is only slightly developed in the 
Blue Mountains. It follows the Cascade Range throughout Oregon into the 
Siskiyou and the Sierra Nevada of California. It maintains its characteristic 
expression throughout the latter, though Picea and Abies lasiocarpa have dis- 
appeared. On the eastern slopes, it sometimes comes into contact with the 
Petran association. The subalpine forest is much reduced in the San Ber- 
nardino and San Jacinto Mountains; its most southern outpost is probably in 
the San Pedro Marfcir Range of Lower California (plate 54). 

The altitude of the subalpine zone changes greatly from Alaska to southern 
California. In Alaska it is chiefly at 2,000 to 4,000 feet, in southern British 
Columbia at 3,000 to 6,000 feet, and in the Cascades at 5,000 to 8,000; while 
in the Sierra Nevada it lies at 7,000 to 10,000, or rarely 12,000 feet. 
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Piibes iacustre. 
Shepkerdia canadensis. 
Salix nuttallii. 

Arabis drummondii. 
Aisine baiealensis. 
Adoxa moschatellina. 
Zygadenus elegans. 
Aragallus deflexus. 
Ligusticum porteri. 
Pirola minor. 

Carduus hookerianus. 
Castilieia miniata. 
Erigeron elatior. 
Erigeron salsuginosus. 


Vaecinium caespitosum. 
Vaccinium myrtillus. 


Miteila pentandra. 

Mitella trifida. 

Parnassia fimbiiata. 
Androsace septentrionalis. 
Pentstemon glaucus. 
Pseudocymopterus montanus. 


Gentiana frigida. 
Gentiana amarella. 
Poa pratensis. 
Festuea ovina. 


Shrub layer: 

Linnaea borealis. 
Lonicera involuerata. 
Pachystigma my r smites. 


Herbs, Vernal Societies: 
Thalietrum fendleri. 
Polemonium pulehellum. 
Mertensia polyphylla. 
Aquilegia coerulea. 
Fragaria vesea. 

Draba aurea. 

Draba sfcreptocarpa. 


Herbs, Estival Societies: 
Sedum stenopetalum. 
Solidago humilis. 
Arnica cordifolia. 
Pediculuris racemosa. 


ELEMENTS 


Sierran Subalp ine Forest 


PLATE 54 
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DOMINANTS, 

Tsuga mertensiana. Pinus aristata balfourx an a. Abies amabilis. 

PlNUS CONTORTA. PlCEA ENGELMANNI, ABIES NOBILIS. 

PlNUS FLEXILIS ALBICAULIS. ABIES LASIOCARPA. CHAMAECYPARIS 

LaRIX LYALLIX. PlNUS FLEXXLXS. NOOTKATENSIS. 

Abies magnifica. Pinus monticola. 

The characteristic dominants of this association are the first six. The next 
three are more typical of the Petran subalpine forest, and the last four of the 
Coast forest climax. These differences seem to forehadow a further differ- 
entiation of the community, but they may be due largely to the uncompleted 
migration of certain species. The two dominants of the greatest extension 
are Tsuga and Pinus coniorta , the latter more truly climax in nature than in 
the related association. Tsuga ranges from Cook Inlet to the southern 
Sierras and from the Coast to the Bitterroot Range between Idaho and 
Montana. Pinus coniorta extends from Skagway in Alaska to Lower Cali- 
fornia and throughout the greatest width of the association from the coast 
to Montana. Pinus albicaulis occurs from southern British Columbia and 
adjacent Montana to the Cascades of Washington and Oregon and thence 
southward along the Sierra Nevada to the thirty-sixth parallel. Larix lyallii 
has a much more restricted distribution; it is found in Canada only in south- 
eastern British Columbia and adjacent Alberta. It is frequent in northwestern 
Montana and northern Idaho and occurs throughout the Cascade Mountains 
of Washington as well as in those of the northeast, but is found only rarely 
in the Cascades of northern Oregon. Abies magnifica , with its variety $has~ 
tensis , is confined to California and Oregon, extending from Crater Lake 
southward in the Sierra Nevada to Kern River, and in the Coast ranges to 
Lake county. Pinus balfouriana is found only in California. 

Abies lasiocarpa and Picea engelmanni extend from Alaska to southern 
Oregon, while Pinus fiexilis appears to enter this association only in Alberta 
and Montana, the southern Sierras, and the cross ranges from Mount Pinos 
to the San Jacinto Mountains. Abies amabilis , A. nobilis, and Chamaecyparis 
do not occur south of Oregon, while Pinus monticola is important in the sub- 
alpine forest chiefly in the Sierra Nevada. 

Groupings. — The large number of dominants and the extensive range make 
the groupings exceedingly varied. There is a marked tendency for the domi- 
nants to appear in pure consociations near timber-line, while in the lower part 
of the zone several usually occur in mixture. In the ranges of the upper 
Columbia Basin,, A Wes lasiocarpa and Picea engdmanni are regularly present 
and usually are associated with one or more of the following: Pinus coniorta, 
Pinus albicaulis , Larix lyallii , and Tsuga mertensiana . Tsuga and Abies 
lasiocarpa are found together in Alaska, while farther south Picea engelmanni , 
Pinus albicaulis , Larix lyallii , and Abies amabilis are commonly associated 
with them, and Abies nobilis and Chamaecyparis less frequently. In the Sierra 
Nevada, Tsuga occurs with Abies magnifica , Pinus coniorta and P. monticola 
through most of the zone and with P. albicaulis in the upper portion. Pinus 
balfouriana replaces or mixes with P. albicaulis in much the way that P. 
aristata does with P. fiexilis in the Rocky Mountains. It occurs with Pinus 
coniorta , Abies magnifica , and Tsuga in the lower part of the forest, with P. 
monticola higher up, and with P. albicaulis at timber-line. In the southern 
Sierras and in the cross ranges of southern California Pinus fiexilis is associated 
with P. coniorta and Tsuga , or with either alone. 
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Factor and serai relations.— Climatic data for the pine-larch association are 
almost completely lacking. In the Sierras, the precipitation ranges above 
50 to 75 inches, and the snowfall may be as great as 300 to 900 inches, or 50 
to nearly 100 per cent of the total. The general climatic relations are as 
already indicated for the formation. 

The water relations of the dominants are imperfectly known. Picea, 
Tsuga, and Abies lasiocarpa grow generally in the moister areas, Pinus monti- 
cola, P. contorta, Larix, and Abies magnified in intermediate ones, and Pinus 
albicaulis, flexilis , and balfouriana in the drier. The general light relations 
may be indicated by the following table of tolerance in which the order is 
from the intolerant to the tolerant. The order of the dominants likewise 
indicates the serai sequence in so far as it is known. 


1. Finns balfouriana. 

2. Pinus flexilis. 

3. Pinus albicaulis, 

4. Larix lyallii. 

5. Pinus contorta. 


6. Abies magnifies. 

7. Pinus monticola. 

8. Abies lasiocarpa, 

9. Picea engelmanni. 

10. Tsuga mertensiana. 


SOCIETIES. 

The Sierran subalpine forest does not have a large number of societies 
peculiar to it. The majority of those which occur in it have been derived 
from the montane forest or the alpine meadow. This is especially true of the 
shrubs, many of which extend up from the subclimax chaparral (p. 213). 
The following list applies particularly to California: 


Shrubs: 

Arctoataphylus nevadensis. 
Kibes viscosissimum. 

Ribes montigemim. 
Potentilla fmticosa. 
Haplopappus suffruticosus. 
Lonicera conjugialis. 
Juniper us communis. 
Vaceinium occidentale. 
Vaecinium caespitosum. 
Ceanothus cordulatus. 

Acer glabrum. 


Herbs: 

Artemisia norvegica. 
Hieracium gracile detonsum. 
Sibbaldia procumbens. 
Haplopappus macronema. 
Potentilla breweri. 
Ranunculus alismifolius. 
Phacelia hydrophylloides. 
Whitneya dealbata. 
Orthocarpus pilosus. 
Erysimum asperum. 
Eriogonum marifolium. 
Eriogonum ursinum. 
Polygonum davisiae. 


THE ALPINE MEADOW CLIMAX. 

CAREX-POA FORMATION. 

Nature. — The alpine climax is essentially a grassland in appearance, though 
it is chiefly composed of sedges. The dominants are all grasslike in character 
and the most typical regularly form a turf which rivals that of the buffalo- 
grass in compactness. They are 2 to 6 inches high for the most part, though 
some exceed this in subclimax situations or in the lower part of the zone. The 
total number of dominants is greater than for any other formation, but the 
number in a particular community is rarely excessive. A characteristic 
feature of the dominants is their remarkable range, nearly half of them occur- 
ring from Greenland to Colorado, California, and Alaska, wherever alpine or 
arctic habitats are found. A large number of these grow in similar situations 


CLEMENTS 


Petran Alpine Meadow. 


PLATE 55 



A. Cnrex-Poa association, King’s Cone, Pike’s Peak. 

B. Co rex consociation, Campanula society, Pike’s Peak. 
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in Eurasia. This unique extension of aretalpine plants has a definite historical 
as well as physical basis. 

The total number of subdominants which form important societies is prob- 
ably greater than for any other formation. The grassland climax approaches 
it in this respect, while the prairie and the alpine meadow have much in com- 
mon in so far as the number and luxuriance of the societies are concerned. 
These are often so dense and continuous that the grass-like character of the 
climax is completely hidden. The subdominants are even more strikingly 
dwarfed than the dominants, chiefly because of a relatively greater emphasis 
on the flower. In many the inflorescence is reduced to a single flower of 
unusual size, while the stem is often less than an inch in height. A consider- 
able number have assumed the mat or rosette habit and are essentially stem- 
less, though this is more frequently the case in serai habitats. 

The true character of the alpine climax is often difficult of recognition, 
owing to the wide variation in conditions over what appears to be fairly uni- 
form terrain. Eock fields of all degrees, gravel-slides, bogs, wet meadows, 
and temporary snow-seeps in all stages of succession frequently blur the out- 
lines of the climax or break it up into many fragments. The real nature of 
the climax is best seen in the Rocky Mountains of Colorado, where the alpine 
areas are unusually extensive as well as free from snow during the summer. 
In such places the general resemblance to a short-grass plain is striking. While 
the alpine climax is ecologically a grassland, the predominance of sedges makes 
it more accurate to refer to it as sedgeland. The term alpine meadow is 
perhaps even more descriptive and is to be preferred to alpine heath, since 
the latter is usually subclimax in character (plate 55). 

Extent. — In the view advanced here, the alpine and arctic sedgelands of 
North America are regarded as constituting one formation. This seems to 
accord with the general opinion that the aretalpine region is a unit life-zone 
(Merriam, 1898). As such, the aretalpine climax extends across Arctic 
America from Greenland to Alaska. The southern limit of it as a continen- 
tal zone runs from central Labrador northwest to the lower Mackenzie River, 
and then westward through Alaska. As is well known, the aretalpine climax 
extends south over the isolated alpine summits of New England, but sweeps 
much farther southward in the Rocky Mountains and the Sierra Nevada. 
An alpine zone is found on the volcanoes of Mexico, but its relationship to the 
present climax is uncertain. Along the Rocky Mountain axis the last out- 
posts of the climax are found in the Sangre de Cristo Mountains of northern 
New Mexico and the San Francisco peaks of northern Arizona. In California, 
the single locality south of the Sierra Nevada is in the San Jacinto Range 
(Hall, 1902; 18), where it is reduced to a mere fragment. By far the most 
extensive development of the formation is found in the central Rockies of 
Colorado and Wyoming and adjacent Utah, while the most complete and 
continuous is in Colorado. 

Unity. — The ecologic and climatic unity of the aretalpine climax is so strik- 
ing as to need little comment. The topographic and geographic unity appears 
to be slight, but an adequate explanation is found in the correlating influence 
of latitude and altitude. The general ecological unity appears to be fully- 
confirmed by the distribution and occurrence of the dominants as shown by 
the table on the following page. 
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Distribution of dominants 


Genera. 

No. of 
species. 

Eastern 

Aretica. 

Western 

Arctica. 

Petran. 

Sierran. 

Eurasia. 

C arex 

32 

12 

17 

2S 

21 

34 

KoLrosia 

1 

1 


1 

1 

1? 

E:yna 

1 

1 

1 

1 

1 

1 

Cyperaceae 

34 

14 

IS 

30 

23 

16 

Poa 

15 

4 

5 

11 

7 

1 

Ayfrostis 

3 

1 

1 

3 

3 


Fesruca ........ 

2 

2 

2 

2 

2 

1 

Oaiamagrostia 

2 

2 

2 

2 

2 


Deachampsia 

2 

2 

2 

2 

2 

2? 

Trisetum 

1 

1 

1 

1 

1 


Danihonia 

1 

1 


1 

1 


Fhippsia i 

1 

1 

1 

1 


1 

Poaceao .... — 

27 

14 

14 

23 

18 

5 

Jun codes 

4 

4 

4 

4 

2 

4 

Juncus 

6 

3 

5 

5 

3 

3 

Juncaceae 

10 

7 

9 

9 

5 

7 

Grand total 

71 

35 

41 

62 

46 

28 


The occurrence of the 13 dominant genera practically throughout the four 
regions seems conclusive evidence of their formational unity. This is em- 
phasized by the distribution of the genera of subdominants as well. The 
preeminence of Carex is obvious, as well as the importance of Poa. Juncus 
probably has a higher value than it deserves, owing to the fact that some sub- 
climax species persist into the climax. The typical character of the Petran 
region is shown by the fact that nearly 90 per cent of the dominants are found 
in if. The number of endemic dominants in any one of the regions is so small 
as to be negligible. The close relationship to the Eurasian arctalpine climax 
is evident, as well as the fact that this is largely due to Carex, J uncodes, and 
Juncus . 

Relationship and contacts.— The primary relationship of the arctalpine 
climax is with the corresponding Eurasian formation. The number of domi- 
nants and subdominants common to both is sufficiently large to suggest that 
they should be regarded as associations of the same formation. In this re- 
spect, however, their difference is greater than their similarity, as one who has 
seen both must readily recognize. There can be little question that the two 
climaxes have originated from a common ancestral community. The arctal- 
pine climax is also related to a similar community on the high peaks of Mexico. 
The two have many genera in common, but the species are nearly all different 
and the role of the grasses is emphasized at the expense of Carex . In the pres- 
ent state of our knowledge, it seems best to regard the alpine meadows of 
northern Mexico as a transition between the arctalpine climax and an Andean 
alpine climax. Finally, there are certain resemblances between the alpine 
meadow and the short-grass plains which suggest a broader contact than exists 
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at present, if not an actual though more remote relationship. These are largely 
in the life-form, habits, and size of the dominants and in the genera of many of 
the subdominants. A more definite relationship is seen in the presence of 
Co, rex filifolia as a dominant in both, in the contact maintained by such 
closely related species as Carex rupestris and C. obtusata , and by the important 
part which Selaginella rupestris may take in both. A similar suggestion is 
contained in the presence of Festuca and Agropyrum in both communities also. 

At present the chief contact of the arctalpine climax is with the subalpine 
forest in the Rocky Mountains and the Sierra Nevada-Cascade axis and with 
the boreal forest in northern Canada and Alaska. The ecotone is very ir- 
regular, and tongues and outposts of the one may extend far into the other. 
In the mountains the two are sometimes separated by a narrow belt of scrub, 
and this is often, if not regularly, the case in the Barren Grounds of the north. 
The lower temperatures and higher water-content of the broader mountain 
valleys have afforded a ready pathway for the downward movement of alpine 
species and also perhaps for the upward migration of lowland hydrophytes. 
In any event, the wet meadows and grasslands of the subalpine and montane 
zones furnish a meeting-place for the more mobile species of two floras. 

Associations. — The arctalpine climax has received almost no ecological 
study outside of the central Rocky Mountains. Much attention has been 
given to the floristic differences of various portions of it, but this has taken no 
account of dominance and succession, which are vital to an understanding of 
the vegetation. As a consequence, it is more than usually difficult to delimit 
the associations and determine their relationship. This is particularly true 
of the vast Arctic portion, owing to the inherent difficulties of travel and 
investigation in such a region. The table of dominants on page 230 indicates 
a close relationship between the eastern and western portion of the Arctic 
region, and one closer than with either the Petran or Sierran. On the basis of 
dominants the latter are less closely related to each other, and the subdomi- 
nants confirm the view that they should be regarded as two associations. In a 
table of the characteristic alpine species of Washington, Piper (1906: 63) has 
indicated their occurrence in the Arctic region, in the mountains of California, 
and in the Rocky Mountains. Of 156 species found on the high peaks of 
Washington, 72 occur in California, 56 in the Arctic region, and 49 in the 
Rocky Mountains. 

For the above reasons, it proves necessary to recognize a Petran and a 
Pacific or Sierran association. The best evidence at present indicates the 
presence of a single Arctic association from Greenland and Labrador to Alaska. 
This is very little known, and it may prove desirable to recognize an eastern 
and western association with fuller knowledge. It has not been seen by the 
writer, and the general absence of ecological information in regard to it makes 
it undesirable to touch it more than incidentally. Hence, the discussion below 
deals only with the alpine portion of the formation and the corresponding 
Petran and Pacific or Sierran associations. 
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THE PETRAN ALPINE MEADOW. 


CAREX-POA ASSOCIATION. 

Extent.— The alpine meadow of the Rocky Mountains reaches its typical 
development between 12,000 and 14,500 feet, though it descends to lower 
altitudes in Montana and Alberta. In Colorado it is found in more or less 
characteristic form in lake basins at 11,000 feet, but this is apparently due to 
cold-air drainage and the influence of water. A number of dominants and sub- 
dominants may be found still lower, but these are chiefly subalpine in nature, 
or occur merely as fragmentary outposts. The northern limit of the associ- 
ation is thought to be in southern Alberta, since the alpine plants of Mount 
Robson (Standley, 1913 : 77) are largely those of the Pacific association. The 
southeastern outposts are in the Sangre de Cristo Range of northern New 
Mexico, and the southwestern on the San Francisco peaks of northern Arizona. 
The general western limit is thence northward along the Wasatch Mountains 
of Utah into eastern Idaho and southwestern Montana. The association 
occurs in reduced form in some of the ranges of Nevada. The central portion 
is most typical and extensive. It occupies Colorado and Wyoming and in- 
cludes the Uinta Mountains of Utah and the San Juan and Sangre de Cristo 
ranges of New Mexico (plate 56). 

DOMINANTS. 

The Petran association exhibits 62 dominants which play a r6le of more or 
less importance in the climax. Of these, 30 are sedges, 23 are grasses, and 
8 are rushes. The majority of them occur also in the Pacific association, but 
18 or nearly a third are lacking there. For the sake of brevity, only the most 
typically alpine or the most abundant dominants are included in the following 
list. In Carex and Poa the order is that of relative importance on the 
alpine peaks of Colorado. 


Carex rupestris, 
Carex filifoiia. 
Carex pyrenaica. 
Carex nigricans. 
Carex f estiva. 
Carex atrata. 

Carex capillaris. 
Carex tolmiei. 

Carex petasata. 


Carex engelmanni. 
Carex nardina. 
Carex illota. 

Carex coneolor. 
Elyna beilardi. 
Poa alpina. 

Poa arctica. 

Poa alpicola. 

Poa epilis. 

Poa crocata. 


Poa rupicola. 

Poa pattersoni. 

Poa grayana. 

Poa lettermani. 

Trisetum subspicatum. 
Festuca brachyphylla. 
Deschampsia caespitosa. 
Juncodes spicatum. 
Juncus triglumis. 

Juncus casfcaneus. 


Groupings.— As a result of the large number of dominants and the con- 
sequent equivalence, the number of groupings is exceptional. Pure con- 
sociations are extremely rare, except in areas of a few square meters, and 
mixed communities are universal. The number of dominants in each mix- 
ture is large, and the groupings consequently merge into a more or less indefi- 
nite pattern. Carex rupestris and C. filifoiia are the most important domi- 
nants on a score of Colorado peaks, as well as on the San Francisco Mountains 
of Arizona, though apparently absent on those of New Mexico. Poa , Elyna , 
Trisetum , and J uncodes are commonly associated with them. Carex pyren- 
aica and C. nigricans are found on a number of alpine summits in Colorado, 
but they are much less important. They nowhere seem to have the dominance 
characteristic of them in the Pacific association. 



A. Polygonum biUorta society, Pike’s Peak. 

B. Campanula rot undifolia society, Pike’s Peak. 

C. Merlemia alpina society, Pike’s Peak. 








THE PETEAN ALPINE MEADOW, 233' 

Factor and serai relations, — From 1900 to 1906 quantitative studies were 
made of alpine habitats and communities on Pike’s Peak and the neighboring 
Mount Garfield or King’s Cone. These confirmed the general opinion as to tem- 
perature and water relations, but not as to the light intensity. The annual pre- 
cipitation on the summit of Pike’s Peak (14,100 feet) is 30 inches; at Lake 
Moraine (10,200 feet), which lies at the base of the Peak proper and in the sub- 
alpine forest, it is 25 inches; at the Alpine Laboratory (8,500 feet) in the mon- 
tane forest it is 22 inches; and on the short-grass plains at the base (6,000 feet) 
it is 15 inches. The relative humidity on Mount 
Garfield (12,500 feet) averaged 5 per cent higher than 
at the Alpine Laboratory, but in spite of this the tran- 
spiration was 25 per cent higher at the former. The 
mean temperature is 19° on Pike’s Peak, 36° at Lake 
Moraine, and 47° at Colorado Springs on the plains. 

During the growing season, temperatures averaged 15° 
higher at the Alpine Laboratory and 25° higher at 
Manitou (6,500 feet) than on Mount Garfield. 

Comparative light readings have been made for several 
summers at Pike’s Peak and Mount Garfield and at 
the Alpine Laboratory, Manitou, and Colorado 
Springs. For the most part, these have given identi- 
cal results at the different altitudes in spite of a range 
of 8,000 feet. This is probably to be explained by the low humidity (fig. 12). 

The typically climax condition of the association is marked by the sod- 
forming or densely cespitose sedges, such as Car ex rupestris, filifolia , pyrenaica , 
nigricans, nardina , engelmanni, etc. These are also of low stature, usually 
2 to 5 inches, and rarely as much as 6 to 8 inches. J uncodes spicatum and 
Elyna bellardi are nearly equivalent to the low sod-forming sedges, but they 
have a wider range of adjustment. In the direction of the xerosere subclimax 
lie most of the grasses, some of which, such as Festuca brachyphylla and Poa 
lettermanni, are often if not usually, serai in character. Most of them are 
bunch-grasses and are 6 to 12 inches tall. The taller sedges, such as Carex 
f estiva and C. atrata, which range from 1 to 2 feet high, are more or less similar 
in nature. Toward the hydrosere occur such species as Carex iolmiei , nova, 
and bella , which are tall and more or less sod-forming, and the rushes. These 
lead to species of Carex and Juncus that are distinctly hydrophytic and serai. 

SOCIETIES. 

The number of societies is very large, and no endeavor has been made to 
include them all. The following list is based primarily upon studies in Colo- 
rado, but it is representative of the entire central portion and even of such 
outlying areas as the San Francisco peaks. The endemic species drop out 
for the most part in Montana and Alberta, and there is an increasing number 
of species from the Arctic and Pacific associations. Of the 80 societies given, 
29 are endemic, 32 occur in the Pacific alpine meadows, 32 in Arctic America, 
and the same number in Eurasia. The identity in number in the last three 
is merely a coincidence, for the species are not the same throughout. 

The great majority of the societies listed belong typically to the climax, 
but some are normally serai or subclimax dominants which persist into the 
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final stage more or less frequently. These relations have been indicated for 
Colorado (Clements, 1904: 329) and have been suggested for the entire region 
by Rydberg, who has also given a detailed account of the comparative dis- 
tribution of the various species (1914: 459, 89; ef. also Cockerell, 1906: 861). 
The aspects are less marked than in the prairie on account of the short season, 
but there is a distinct, difference between the earlier and later portions of the 
growing period, in spite of the fact that a considerable number occupy the 
mid-season. The distinction below is based upon the time when the species 
begins to bloom, as well as the maximum of the flowering period. _ By far the 
greater number of societies are mixed, and the order below is primarily that 
of importance. 


Vernal Sock tits. 


Sieverhia turbinaia. 

Mori dibit! idpina. 

JRydbcrgia grandiflora. 
Primula iingustiiolia. 

Siiene aeaulis?. 

Achillea millefolium. 
OiistiUeia pallida occidental!:?. 
Si! >1 >aldia prorum hoi w. 
Andrositco ehaiuauju-mie. 
Artemisia scopulorum. 
Arcnarla hi Horn. 

Orcoxis huuiiliri. 

Polyjr* 1 uui u bistort a . 
Pedicularis parr yi. 

Trifolium nanum. 

Eritriehium argent cum. 
Potent ilia saximoul ana. 
Campanula uniflora. 


Lloydi serofina. 

Cerastium arven.se. 

Allium reticulatum. 

Salix reticulata. 

Saxifraga 'nivalis. 

Saxifraga flageliaris. 

Saxifraga chrysantha. 
Polemonium confer turn. 
Pseudo cy m op teru s montanus. 
Scdum roseum. 

Erigeron unitlorus. 

Draba aurea. 

Draba streptocarpa. 
Chionophila jamesii. 
Androsace septentrionalis. 
Dryas octopetala. 

Phacelia sericea. 

Zygadenus elegans. 

Estival Societies. 


Erigeron compositus. 
Erigeron radicatus. 
Besseya alpina. 
Ranunculus macauleyx. 
Ranunculus nivalis. 
Ranunculus eschscholtzii. 
Thalictrum alpinum. 
Phacelia alpina. 

Phlox condensata. 
Polemonium viscosum. 
Primula parryi. 

Douglasia nivalis. 
Pedicularis lanata. 
Pedicularis fiammea. 
Smelowskia calycina. 
Trollius laxus. 

Astragalus alpinus. 
Myosotis aipestris. 

Draba nivalis. 


Polygonum viviparum. 
Campanula rotuudifolia alpina. 
Gentiana frigida. 

Gentiana amarella. 

Solidago humilis nana. 

Agoseris aurantiaca. 

Oreoxis alpina. 

Saxifraga. bronchialis. 

Potent ilia nivea. 

Trifolium dasyphyllum. 
Trifolium parryi. 


Haplopappus pygmaeus. 
Antennaria alpina. 
Antennaria dioeca. 

Salix nivalis. 

Salix aretica. 

Angelica grayi. 

Arnica parryi. 

Aster alpinus. 

Erigeron leiomerus. 
Phacelia lyallii. 
Anemone narcissiflora. 


Ranunculus adoneus. 
Ranunculus pygmaeus. 
Ranunculus hyperboreus. 
Pedicularis scopulorum. 
Pedicularis oederi. 
Swertia perennis. 
Pentstemon hallii. 
Pentstemon glaucus. 
Claytonia niegarhiza. 
Selaginella rupestris. 


THE SIERRAN ALPINE MEADOW. 


CAREX-AGROSTIS ASSOCIATION. 


Extent. — While the highest alpine peaks of the Pacific Coast are a little 
higher than those of the Rockies, they are covered with permanent snow-caps 
of great size, and the alpine zone is consequently much lower. In Washington 
its best expression is found at 8,000 to 10,000 feet, and on Mount Shasta at 
9,000 to 11,000 feet, though two species, Draba breweri and Polemonium 
pukhellum, reach 13,000 feet. In the central and southern Sierra Nevada the 
alpine meadows are best developed between 10,500 and 13,000 feet. The 
lowest limit for the zone is found in the mountains of the upper Col umb ia 
Basin, where it descends to 6,000 feet. 


Sierran Alpine Meadow 
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The northern limit of the association is probably in northern British 
Columbia, though it is uncertain where it passes over into the Arctic associ- 
ation. Similar uncertainty exists as to the limits in northwestern Montana, 
where it meets the Petran community. Piper (1906:63) states that the 
flora of the Blue Mountains of Washington and Oregon is as near that of the 
Rocky Mountains as of the Cascades, but this is not true for the typical central 
mass of the Petran association. The Sierran association occupies all the 
alpine summits of the Cascades, Olympics, Blue, and other mountains of 
Washington and of the Cascades of Oregon. It extends from Mount Shasta 
southward through the Sierra Nevada and reaches its southernmost limit on 
San Jacinto Mountain, where it is reduced to less than a half-dozen of true 
alpine species (plate 57). 

DOMINANTS. 

The genera of the dominants are the same as for the Petran association. 
The small amount of ecological study which this community has received 
makes it impossible to distinguish climax from serai species with certainty, 
and the following list is necessarily provisional: 

Carex nigricans. 

Carex pyrenaica. 

Carex breweri. 

Carex nardina. 

Carex spectabilis. 

Carex illqta. 

Carex vernacula. 

Carex ablata. 

Carex filifolia. 

Carex phaeocephala 
Carex atrata. 

Groupings. — The general grouping of the dominants is indicated by their 
respective ranges. Carex is represented by 8 species, which occur throughout 
the association from British Columbia or Washington to the Sierra Nevada. 
These are Carex nigricans , breweri , spectabilis , illota , vernacula , ablata, filifolia , 
and atrata. Among the grasses and rushes, those found throughout are Poa 
saxatilis , Agrostisrossae , Calamagrostis langsdorffi , Trisetum suhspicatum , Festuca 
supina , J uncodes spicatum, J. divaricatum, and J uncus parryi . The intimate 
grouping is known only for Mount Rainier, where the climax stage is con- 
stituted typically by Carex nigricans , pyrenaica , nardina, and illota, while the 
taller C. f estiva, atrata, spectabilis, and ablata occur in areas more or less serai in 
character. The chief grasses are Poa saxatilis , arctica, paddensis , and suks- 
dorfi, and Agrostis rossae. Practically the same grouping is found in the 
northern Cascades, the Olympic Mountains, and on Mount Adams (Piper, 
1906:63). The alpine meadows of the Selkirk Mountains consist of Carex 
nigricans, spectabilis, and f estiva, and Poa alpina, arctica, and cusickii (Shaw, 
1916:491). 

Factor and serai relations. — There is practically no direct information upon 
the physical factors and succession, and these can only be inferred from the 
climatic conditions in the Petran association and the Sierran subalpine forest, 
and from the serai relations in the Rocky Mountains. The precipitation is 
apparently much higher in the Sierran association, often exceeding 75 inches. 


Carex festiva. Agrostis rossae. 

Carex scirpoibea. Agrostis humilis. 

Elyna bellardi. Agrostis hiemalis geminata. 

Kobresia bipartita. Calamagrostis vaseyi. 

Poa paddensis. Calamagrostis langsdorffi. 

Poa suksdorfii. Trisetum subspicatum. 

Poa rupicola. Festuca ovina supina. 

Poa alpina. Juncodes spicatum. 

Poa arctica. Juncodes divaricatum. 

Poa saxatilis. Juncus parryi. 
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Most of this occurs as snow, and results in much more extensive snow-caps 
and snow-fields than occur in the Rocky Mountains at corresponding latitudes. 

For the present, the serai relations must be assumed from those in the 
Pei ran association (p. 233). This doubtless affords a fairly accurate idea 
of the processes, since the two associations have so many dominants in common. 


Northern (Cascades, etc.): 
Puisatilia occidentals. 
Lupinus lyallii. 

Lupinus subalpinus. 
Lupinus volcanicus. 
Castilleia oreopola. 
Castilleia pallida. 
Potentilla flaheliifolia. 
Valeriana sitchensis, 
Erigeron salsuginosus. 
Erigeron radicatus. 
Erigeron uniflorus. 
Gentiana calycosa. 

Southern (Sierra Nevada): 
Trifolium monanthum. 
Sihbaiclia proeumbens. 
Salix arctica. 

Lupinus lyallii, 

Senecio aureus borealis. 
Mimulus piimuloides. 
Gentiana newberryi. 
Castilleia culberfcsonii. 


SOCIETIES. 

Arnica parryi. 

Sieversia turbinata. 

Silene aeaulis. 

Veronica alpina. 

Sedum roseum. 

Polygonum viviparum. 
Epilobium alpinum. 
Epilobium liornemanrii. 
Epilobium anagallidifolium. 
Salix arctica. 

Salix nivalis. 

Salix reticulata. 


Pentstemon confertus. 
Antennaria alpina. 
Dodecatheon alpinus. 
Sedum roseum. 
Horkelia gordonii. 
Solidago multiradiata. 
Agoseris aurantiaca. 
Thalictrum alpinum. 


Draba aurea. 

Draba nivalis. 

Arenaria biflora. 

Dryas octopetaia. 

Sibbaldia procumbens. 
Agoseris aurantiaca. 
Phacelia sericea. 

Phlox condensata. 

Trollius laxus. 

Eryihronium grandiflorum. 
Eanuncuius eschscholtzii. 
Dougiasia nivalis. 

Eanuncuius eschscholtzii. 
Erigeron salsuginosus. 
Erigeron uniflorus. 
Gentiana amarella. 
Cerastium arvense. 
Antennaria dioeca. 
Campanula rotundifolia 
alpina. 


V. AGRICULTURAL INDICATORS. 

General relations. — As the basic economic practice of plant and animal 
production, agriculture furnishes the standard for measuring the possibilities 
of soils, climates, and regions. There are many reasons for this, chief among 
them the fact that it gives relatively large and Immediate returns upon a 
small capital. In addition, its operations are within the scope of the indi- 
vidual or family, and farming has inevitably become the traditional basis of 
the American homestead. The latter has played such a wonderful role in the 
development of the West that it has come to be regarded as a fetich, able to 
reclaim the most arid desert or to enrich the most sterile soil. During the 
last two decades the large majority of the homesteads filed upon have proved 
failures and the percentage of failures will steadily increase as still less promis- 
ing regions are entered, unless the method of settlement is radically changed. 
The time when individual initiative would suffice to convert a tract of virgin 
land into a prosperous farm has gone. While millions of acres of public lands 
still remain for settlement, these are of such a nature that land classification, 
reclamation, demonstration, and cooperation are indispensable to their con- 
version into successful farms and ranches (plate 58). 

LAND CLASSIFICATION. 

Nature. — The classification of land Is an endeavor to forecast the type of 
utilization that will yield adequate or maximum returns. Properly, it should 
determine the optimum use as accurately as possible, and should insure the 
conditions under which development and utilization take place. In actual 
practice, classification has been conspicuously absent as a preliminary to the 
settlement of the arid regions of the West. Hurried and incomplete classi- 
fications have been made for special purposes, but these have covered only 
certain portions of the vast public domain and have usually suffered from in- 
adequate and hasty methods. Perhaps their greatest fault has been that 
they were made with a particular end in view, and the primary object was to 
include or exclude as much land as possible without reference to its optimum 
utilization. In this respect the recent classification under the Ferris Act 
has been an improvement, but it has been handicapped by legislative restric- 
tions and by the lack of an adequately trained field personnel. It has been 
especially unfortunate that only those lands were examined which had been 
filed upon, with the result that the examiner’s judgment or decision was often 
influenced by local pressure. To the one who is interested solely in seeing 
the public domain developed In such a way as to secure the best economic and 
social conditions, it is incomprehensible that the prerequisite of an accurate 
and unbiased classification of the land should have been so long ignored. 

Such a land classification would necessarily take account of the enormous 
amount of scientific reconnaissance and investigation done in the West, during 
the last thirty years especially. It would rest upon a rapidly increasing 
fund of practical experience and experimental study of crops and methods, 
and upon the paramount importance of drought periods and their recurrence 
in climatic cycles. In method, it would be complete, detailed, accurate, and 
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unprejudiced, availing itself of all sources of information, but based primarily 
upon the relation of indicator vegetation to existing practice. ^ The most 
difficult problem would be that of a large, adequately trained, and high-minded 
field force, but the rapid development of the Forest Service has shown how 
this can be accomplished. 

Relation to practices.— While land classification is based primarily upon the 
division into agriculture, grazing, and forestry, other considerations must also 
be taken into account. At the outset, it is particularly important that the 
future as well as the immediate present be considered. Many areas which 
are non-agricultural at present can be made available for crop production by 
the development of a supply of irrigation water or by the draining of the soil 
to remove the excess of alkali. On the other hand, the extension of agri- 
culture into mountain regions on a considerable scale would threaten the 
water-supply of existing irrigation projects. The maintenance of forests on a 
scientific basis is more than a matter of the present demand for lumber and 
fuel Jt has a definite and often a decisive bearing upon the agricultural 
possibi ities of the land in the adjacent valleys and plains. Moreover, ques- 
tions of reforestation and afforestation enter in relation to agriculture and 
grazing, and perhaps to climate also. While the use of land primarily for 
agriculture excludes forestry or grazing on any considerable scale, this is not 
true of the latter. Under proper safeguards, forestry and grazing can be 
combined in practically all forest and woodland areas, as is the case on the 
national forests. It is not improbable that the extensive sandhill areas of the 
Great Plains region will some day be covered with forests of pine without 
seriously reducing the amount of grazing, and in some cases with an actual 
increase in the permanent carrying capacity. 

The greater returns from agricultural land and the consequent possibility 
of supporting a larger population will always constitute a temptation to 
classify too much land as agricultural. If classification could be carried out 
only during drought periods, this tendency would be corrected. On the other 
hand, it w r ould be emphasized during wet years, such as 1915, when many 
regions received 50 to 100 per cent more than their normal rainfall. As a 
consequence, the classification of land as agricultural must be made with a 
definite knowledge of the existing conditions of rainfall and temperature and 
their relation to the usual variations of the climatic cycle. Moreover, it must 
be recognized that it is much less serious to classify a potential agricultural 
area as grazing or forest land than to classify the latter as agricultural. The 
former merely involves an insignificant economic waste until the real possi- 
bilities of the land become recognized, while the latter often results in recur- 
ring tragedies clue to the attempt to make a livelihood where it is impossible. 
Hence, it should become a cardinal principle of land classification to rate as 
grazing or forest land all areas in which it is impossible to produce an average 
crop three years out of four. This would insure an adequate and permanent 
development of agriculture wherever possible and would warrant the intro- 
duction of scientific and economic systems of grazing, which would change it 
from a game of chance into an industry. 

Proposed bases of classification. — While soil and climate have been em- 
ployed in connection with various desultory attempts at classification, the 


A. Abandoned farm, Wood, South Dakota. 

13. Field of com and Sudan grass during the drought of 1017, Glendive, Montana. 
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only proposals which need, to be considered here are those which deal with in- 
dicator vegetation. The latter necessarily takes account of both soil and cli- 
mate and furnishes the only basis for an adequate system. The first serious 
proposals of such a system were made by Hilgard, as already shown in the first 
chapter. As a student of soils, he was concerned primarily with the indicators 
of soils (1906: 487), and especially those which were regarded as significant of 
lime or alkali. He paid almost no attention to indicators of climate, and was 
concerned only with those which denoted agricultural land. Because of his 
primary interest in the distribution of animals, Merriam (1898) emphasized 
the importance of climate in agriculture, and ignored that of soil. His central 
idea was to enable the farmer “to tell in advance whether the climatic con- 
ditions on his own farm are fit or unfit for the particular crop he has in view, 
and what crops he can raise with reasonable certainty.” Hence, he was 
concerned with a use survey rather than with land classification, though his 
“life zones and crop zones” possess certain values in connection with the 
latter. 

Clements (1910:52) pointed out the difference between a classification 
survey and a use survey of occupied lands, and emphasised the necessity of 
employing soil and climate, native vegetation, and practical experience 
to constitute a complete system for classifying the lands of a region as agri- 
cultural, grazing, and forest. Several unoccupied townships of northern 
Minnesota were classified on this basis and several fanning townships of the 
southern half were mapped in accordance with a use survey. The investi- 
gations of Shantz (1911) in eastern Colorado dealt chiefly with the indicator 
value of the different associations with reference to crop production and 
furnished a new basis for the classification of agricultural land with respect to 
probable yield. A similarly detailed and accurate study of the saline vegeta- 
tion of Tooele Valley was made by Kearney and his associates (1914), in which 
the primary object was to provide a definite method of distinguishing agri- 
cultural from non-agricultural lands and of determining the relative values of 
the former. 

The rapid establishment of national forests from 1902 to 1908 necessitated 
the use of a ready method of distinguishing between forest and agricultural 
land. The indicator method had not yet been definitized to a point where it 
was available, and studies of soil and climate were barely begun. In spite of 
this, forest and woodland constitute such obvious indicators that their use- 
afforded fairly satisfactory results, particularly when water regulation was 
taken into account. The limits of the forests thus drawn necessarily included 
some agricultural land as well as great areas of grazing land. Much of the 
former has later been eliminated by reclassification, while the latter has been 
classified into various types (Jardine, 1911, 1913). Within the forests proper, 
the problem of classification has naturally revolved about the question of 
forest types. This has given rise to an extensive literature (Graves, 1899; 
Zon, 1906; Clements, 1909; cf. Proc. Soc. Am. For., 1913: 73) and is discussed 
in some detail in Chapter VII. Pearson (1913: 79; 1919) has emphasized the 
importance of ascertaining the agricultural possibilities of forested land in 
order to determine with certainty whether it should be classified as one or the 
other. He proposes a definite program of investigation to make the principles 
and methods of land classification more accurate. This is based upon actual 
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tests of agricultural possibilities, the study of physical factors, and the cor- 
relation of crop production and plant associations, the last being regarded as 
the most important feature of the whole plan. 

The most extensive and adequate application of the proper principles of 
and classification to the lands of the West has been made in connection with 
the stock-raising homestead act of 1916. This is based primarily upon the 
ndicator method, and the details have been outlined by Shantz and Aldous 
1917). While the primary object is to classify the areas filed upon for graz- 
ng homesteads, it has proved necessary to deal with the classification of 
agricultural and forest lands as well. In this connection the latter are reia- 
ively unimportant, but the recognition of lands for dry-farming is an essential 
part of the plan. This arises from the fortunate provision that a grazing 
homestead must contain areas on which it is possible to produce crops of 
forage. As already indicated, the only drawbacks to the method arise from 
an untrained personnel and the lack of sufficient time for adequate survey. 
The correlation of the indicator types upon the basis of structure and develop- 
ment would have revealed additional values, but the plan marks a great 
advance in land classification and it is unfortunate that its application is 
restricted to lands filed upon under the act. 

The indicator method of land classification. — As the above discussion makes 
clear, practically all the effective proposals for classifying land into the three 
main types, or for subdividing these upon the basis of crops or values, rest upon 
the fundamental significance of indicator plants and communities. The 
systems proposed by Clements, Pearson, and Shantz and Aldous, though 
arrived at from three different angles, are practically identical so far as 
essentials are concerned. They recognize the importance of actual practice 
and experiment as well as of quantitative studies of soil and climate in deft- 
nitizing the correlations of the indicator communities. The latter, however, 
constitute the indispensable tool of the land classifier, since its use is as ready 
as it is extensive and is limited only by its accuracy and sharpness. In the 
hands of a well-trained field force, it would permit the proper classification of 
all the unoccupied lands of the West within a period of five years. The 
essentials of such a classification are further discussed in a later section. 

# T : se of climax indicators. — It is clear that the climaxes themselves furnish 
direct indications of great value for land classification. Thus, grassland, 
chaparral, and scrub are obviously indicators of grazing land, while forest and 
woodland are indicators of forest land. However, these comprise all the types, 
and a different method is necessary for the determination of agricultural land. 
This may be furnished by actual test, by the measurement of factors, or by 
the use of indicator correlations already established in other regions. As a 
matter of fact, some kind of farming test can be found almost anywhere in 
the West, in the driest deserts as well as at almost any altitude. The studies 
of the last decade have made the application of indicator correlations almost 
universal, and the measurement of soil and climatic factors has at least been 
begun in practically every climax. As a consequence, it becomes a relatively 
simple matter to use climax communities to indicate those grazing and forest 
lands which are also agricultural, in that they yield a larger return from crop 
production than from grazing or forestry (plate 59). 
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In the West, the climax which serves as the best indicator of crop produc- 
tion is naturally grassland. As the most extensive of all the formations con- 
cerned, its various associations serve also to indicate all the types of farming 
from humid and semi-arid on the east to dry-farming and irrigation farming 
in the west. While the alpine meadow climax has many points of resemblance 
to the grassland, it is a clear-cut indicator of grazing land, since neither trees 
nor crops can thrive in it. The various scrub climaxes, sagebrush, desert 
scrub, and chaparral, as well as tree and scrub savannah, are primarily indi- 
cators of grazing land, unless irrigation is resorted to. Dry-farming is pos- 
sible in certain areas in them, but these are usually in the transition to other 
formations or in the serai habitats. A notable exception occurs in the 
Coastal chaparral, in which the winter rainfall makes certain crops possible 
by evasion of the drought period of summer. The woodland climax is pri- 
marily an indicator of combined forest and grazing land. It has some agri- 
cultural possibilities, but these are rarely to be realized except under irrigation. 
Of the three forest climaxes, the Coast forest is a distinct indicator of crop 
production, and the subalpine forest is just as distinctly an indicator of non- 
agricultural land. The montane forest in general is like the subalpine in 
indicating forest-grazing land, but this depends upon the consociation and 
topography. The yellow pine consociation often indicates agricultural land, 
but the indication of the community must be checked by the nature of the 
topography and soil. 

In the case of all climaxes, the relations of formation, association, consoci- 
ation, and society to each other lie at the basis of the indicator correlations of 
the various communities. The indicator value of an association must be 
understood with reference to its formation, and that of the consociation with 
reference to its association. In general, these will be consistent with each 
other, and hence they serve to denote smaller and smaller areas, and particular 
crops and methods rather than types of practice. This is especially true of 
the many local groupings of dominants and subdominants. The societies 
formed by the latter are particularly sensitive indicators of local variations in 
climax conditions (Shantz, 1911). 

Soil indicators* — The significance of soil indicators is local, as well as sub- 
ordinate to that of climax or climatic indicators. The soil is especially im- 
portant in the actual practice of land classification, since it is more tangible 
than climate and is subject to much greater local variations. Consequently, 
in any particular region climax indicators should be employed for general 
climatic values, while soil indicators should be used for the special values which 
will determine the proper classification of a particular area. In view of the 
paramount importance of water-content in arid and semi-arid regions, the 
general correspondence between rainfall and water-content from east to west 
becomes especially helpful. While texture and topography will cause soils 
to vary much locally in their water-content, the water-content of tillable soils 
decreases more or less steadily to the westward or southwestward. This 
relation of climate and soil is readily seen in the soil regions of the West as 
recognized by the Bureau of Soils, namely, Great Plains, Rocky Mountain, 
Southwest Arid, Great Basin, Northwest Intermount^in, and Pacific Coast. 
As would be expected, these regions also show more or less correlation with the 
climax formations. 
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The loess and glacial soils of the prairies are so completely cultivated that 
they hardly need consideration as to their indicators. The luxuriance of the 
three prairie associations and the large number of societies, especially of 
legumes, denote an agricultural region of the first importance. To the west- 
ward, the most extensive and important soils are gumbo or “hard land,” 
saline soils, and sandy soils, usually of the sandhill or dune type. Where it 
is derived from the weathering of shales, as is frequently the case, the soil is 
usually both gumbo and saline. As Shantz (1911) has shown, “hard land” 
is primarily agricultural in the Great Plains, though its high echard is a serious 
disadvantage during drought periods. Soils recently derived from shales, such 
as the Pierre and the Graneros, however, bear a vegetation which suggests 
that their greatest value is for grazing. The work of Hilgard (1906) and of 
Kearney and his associates (1914) has shown that, in the Great Basin and 
similar saline regions, sagebrush is the one reliable indicator of agricultural 
land. While crops may be produced on land covered with Atriplex confetti - 
folia or Kochict, it is only during years of exceptionally favorable rainfall, 
which are too rare for successful farming. Hence, practically all saline 
communities are indicators of grazing land, though such land may be con- 
verted to agricultural use when the removal of alkali is economically feasible. 

The numerous sandhill and dune areas of the West bear distinctive indi- 
cators which denote the varying degrees of fixation of the sand. Typically, 
they are grazing areas, though they are usually interrupted or surrounded by 
more stable areas, such as the wet valleys of the sandhills of central Nebraska 
or the wire-grass lands of eastern Colorado, in which farming is possible. 
Even for grazing, their value is much less than it should be, and in addition 
there is a rapid deterioration of the cover where overgrazing is practiced. 
There is no question that the carrying capacity could be greatly increased and 
the tendency to “blow” correspondingly decreased by protection and seeding 
or planting. The Bad Lands, which occur throughout the West, but especially 
in the Rocky Mountain regions, likewise offer attractive regions for reclam- 
ation. Although the soil is a hard clay instead of blow-sand and the erosion 
is due to water in place of wind, sandhills and bad lands have much in common. 
The destruction due to erosion is often rapid and complete, as well as recur- 
rent. They occur almost wholly in grazing communities, and the study of 
succession in both has reached a point where it is possible to make use of it as 
the chief method of reclamation, as is shown in Chapter VI. The extremely 
dissected topography of bad lands practically excludes agriculture, and in 
general the communities of rugged and rocky areas indicate their classification 
as grazing lands, even when climatic conditions might permit agriculture. In 
the case of swamp and bog communities, the direct indication is for grazing, 
but since they need drainage in order to be put into adequate co mm ission, 
their classification should take this into account. When they are not too 
high or too far north, the drained areas will permit farming, but when they 
occur in the montane zone, or above, their chief value is for grazing (plate 60). 

Shantz’s results. — Shantz's studies of indicators in eastern Colorado are 
still the most complete and detailed account of the correlation of indicator 
communities and soil His conclusions apply with slight modification to the 
entire short-grass association, and they also have much value for mixed 
prairies: 


A. Artemisia Jilifolia indicating sandy soil, Canadian river, Texas. 

B Grama and buffalo-giass on hard land, Goodweil, Oklahoma. 

C Atriphw null allii indicating non- agricultural saline land, Thompson, Utah. 
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“The chief plant associations of eastern Colorado which indicate land of 
agricultural value are the grama-buffalo-grass association and the wire-grass 
association (both of which belong to the short-grass formation) and the bunch- 
grass association and the sand-hills mixed association (both of which belong 
to the prairie-grass formation). 

“The chief vegetation types of eastern Colorado which indicate nonagri- 
cultural land are the lichen formation, the Gutierrezia-A rtemisia association 
of the short-grass formation, and the blow-out association of the prairie- 
grass formation. 

“Of the associations indicating land of agricultural value in eastern Colo- 
rado, the grama-buffalo-grass association is most extensive, occupying^ the 
greater part of the hard land. The bunch-grass and the sand-hills mixed 
associations occur only in the sand-hill regions, while the wire-grass association 
occurs on land of intermediate character. 

“In eastern Colorado the rainfall records show that the average monthly 
rainfall is greatest during the period April to August. The increased heat in 
July and August makes it almost certain that drought will occur in these 
months. September and the later fall months have normally very little 
rainfall, and fall-sown grain often fails to germinate unless planted on land 
in which water from rains earlier in the season has been conserved by summer 
tillage. 

“Measurements show that from grama-buffalo-grass land a great amount 
of water runs off and does not enter the soil. 

“Soil-moisture determinations in this type of land show that even during 
periods of more than normal rainfall available soil moisture is limited to a few 
inches of the surface soil 

“On this account the vegetation is composed largely of short grasses which 
have a great number of roots limited to the surface foot or two of the soil. 

“Moisture, even in the surface few inches of the soil, is often lacking ex- 
cept during a few weeks in spring and early summer. The short grasses have 
a comparatively short growing season. 

“Deep-rooted species are shut out by the lack of soil moisture in the deeper 
layers of the soil and later-season plants are excluded because available 
moisture is usually lacking, even in the surface layers, during late summer 
and autumn. 

“An open cover of the short grasses indicates conditions less favorable for 
crop production than a close cover. 

“The presence of deeper-rooted plants mingled with the short-grass vegeta- 
tion indicates better conditions for crop production than those found where 
the cover is purely of the short grasses. 

“The occurrence among the short grasses of plants characteristic of the 
associations which indicate land without agricultural value suggests a less 
favorable condition for crop production than where short grasses only are 
found. 

. “The presence of the wire-grass association indicates that there is a con- 
siderable amount of water in the deeper layers of the soil, owing to the lesser 
run-off and to the fact that the lighter soil permits deeper penetration. 

“Conditions indicated by the wire-grass association are favorable for both 
shallow-rooted and deep-rooted plants and for a considerably longer period 
of growth than those indicated by the grama-buffalo-grass association. 

“The bunch-grass association indicates a soil that is moist to a considerable 
depth. Here conditions are more favorable for deep-rooted and late-season 
plants than in land characterized by either the short-grass or the wire-grass 
vegetation. 
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“The sand-hills mixed association indicates conditions very similar to those 
of the hunch-grass association, but rather less favorable, as shown by the 
smaller amount of plant growth. 

“The short-grass vegetation represents the final stage in a succession which 
may begin with the lichen formation and pass, through the Guiierrezia - 
Artemisia association. Or the succession may begin with the blow-out asso- 
ciation and pass through the sand-hills mixed and the bunch-grass associa- 
tions and (by the aid of fires and grazing) through the wire-grass association 
to a pure short-grass vegetation. 

“When short-grass land is left without cultivation after breaHng it will be 
revegetated by either the wire-grass or the Gutierrezia-Artemisia association, 
depending upon the physical conditions. 

“The vegetation which establishes itself after wire-grass is turned under is 
that which is naturally characteristic of a lighter soil. 

“When the native sod of the bunch-grass or the sand-hills mixed associ- 
ations is broken, a blow-out may result. Usually, however, the original 
vegetation is soon reestablished. 

“ When the vegetation of any of the plant associations is destroyed by break- 
ing and the land is then abandoned the land will be reoccupied (after a weed 
stage) by vegetation that is characteristic both of a lighter type of soil and of 
an earlier stage in the natural succession. These successions are the result 
of changes in the physical conditions brought about largely as a result of the 
destruction and reestablishment of the plant cover itself. 

“The taller, deeper-rooted plants are easily shut out by the shallow-rooted 
short grasses when the water that falls as rain is not sufficient to penetrate 
beyond the layer of soil occupied by the roots of the short grasses before it 
can be absorbed by them. 

“Where water can readily penetrate below the depth ordinarily reached by 
the roots of the short grasses the conditions are favorable to the growth of 
deeper-rooted and taller species, which shut out the short grasses by over- 
shading them. This increased penetration of water may be due either to 
greater rainfall or to lighter soil texture. 

“When well. supplied with water short-grass land is the most productive 
under cultivation of any in eastern Colorado. During drought, however, 
crops suffer on this land sooner than on any other type. 

“During exceptionally dry years bunch-grass land produces the best crops 
of any in eastern Colorado, but during wet years its production is surpassed 
by that, of all others except the land characterized by the sand-hills mixed 
association. The soil under both of these types of vegetation is likely to 
blow badly. 

“Wire-grass land represents a safe intermediate condition where in years of 
ample rainfall crop production compares not unfavorably with that on short- 
grass land and where, even during dry years, a fair crop can often be produced. 

. “One of the chief reasons for the superiority of light land over heavy land 
m eastern Colorado is that crop growth is rapid on the latter and that the 
total available supply of soil water lies near the plant roots, the crops, there- 
fore, being in somewhat the same condition as potted plants. These con- 
ditions favor a rapid exhaustion of soil moisture and, consequently, bring 
about sudden drought. On the lighter land water is distributed to greater 
depths, the plant growth is slower, and plants, by gradually increasing their 
root area, can. resist much longer periods of drought. 

. “ Investigations of soil conditions, as well as actual observations of crops 
in the held and studies of the native plant cover, show that as we pass from 
the prairie westward to the more arid portion of the Great Plains, the lighter 
sous present relatively more favorable moisture conditions and, therefore, 
conditions more favorable to plant growth than do the heavier types of land.” 
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A SYSTEM OF LAND CLASSIFICATION. 

Bases. — As has been repeatedly emphasized, a system of land classification 
which is both practically and scientifically adequate must ignore no source 
of evidence. While indicator vegetation must be regarded as the chief tool* 
the latter Is valueless unless it is correlated with practical experience and 
experiment on the one hand and with factor measurements on the other. 
Some indicator values can be disclosed by the use of a single one of these 
correlations, but all of them are necessary for complete certainty and accuracy. 
They not only serve to check each other, but also to reveal additional and final 
values. Furthermore, it must be recognized that all the climatic and hence 
many of the soil factors vary considerably and sometimes critically from year 
to year, and that this means a corresponding difference in crop production, 
and often in tillage methods. As a consequence, the annual variations in 
factors, indicators, and production must always be taken into account and 
related, as far as possible, to an average or norm. The normal rainfall or mean 
temperature is insufficient for this purpose, especially since it fails to disclose 
the number and occurrence of the critical dry years. For this purpose the 
use of climatic cycles is necessary, and in consequence they must be assigned 
an important part in the classification of lands in arid and semi-arid regions. 
The existence and effect of such cycles are established beyond a doubt, and the 
chief task at present is to learn how to make the fullest possible use of them. 
This naturally depends upon the certainty and accuracy with which the dry 
and wet phases of the cycle can be predicted (Clements, 1917: 304, 1918: 295). 
The nature and utilization of climatic cycles are discussed in the following 
section. 

Classification and use. — The close relationship between classification and 
use surveys and the importance of developing the one into the other can hardly 
be emphasized too strongly. The vital connection between the two in the 
proper development of the possibilities of the land may be seen from the 
following (Clements, 1910:52): 

“The first step in determining the final possibilities of plant production is 
to ascertain just what the conditions of soil and climate are from the stand- 
point of the plant. This must be determined separately for the two great 
groups of lands, those still unoccupied and those now in use. For the former, 
a knowledge of soil and climate, and of the plant’s relation to them, is necessary 
to decide what primary crop, grain, forage, or forest, is best. For the farms 
of the State, the best use is a matter of knowing the soil and climatic differ- 
ences of regions and fields, and of taking advantage of this in crop production. 
For the unoccupied lands of Minnesota, we need a classification survey to 
determine the best use of different areas; to prevent the waste of human effort 
and happiness involved in trying to secure from the land what it can not give, 
and yet to insure that the land will reach as quickly as possible its maximum 
permanent return. For occupied lands, the study and mapping of soil and 
climatic conditions would constitute a use survey of the greatest value in 
adjusting plant production to the conditions which control it. 

“A use survey is the logical outcome of the classification of land. Its 
greatest importance is with agricultural lands, since grassland and forest 
permit less specialization In crop production. The period of the one-crop 
farm seems nearly closed; that of the special-crop farm is barely begun in 
this country. As a method of conservation, diversified farming is a perma- 
nent step in advance. It is the foundation upon which a distinctively success- 
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St maS the raw materials which it uses, and the conditions under which 
Ft works TWs makes possible the successful specialization of a region in the 
cron best adapted to the soil or climate more or less peculiar to it. The task 

wMchlirpoSe tteE* Serf thfdS landj rfThe 

must deteTmSs special crop, and in a degree the secondary crops as well 
But the complete success of the farm will rest upon a thorough knowledge of 
its differences of soil and climate, as well as upon^a know edge o 
varieties to grow or the best way to improve them. 

Methods.— While it is undesirable to discuss in detail the actual methods of 
classification and use surveys, it must be pointed out that the y ^P e ° d l ^ ® 
first instance upon accuracy and thoroughness. This is exemplified m t 
work of the Botanical Survey of Minnesota (“Plant Succession, 436), in 
which the natural and cultural vegetation was mapped for every forty ot 
the townships concerned, and quadrats, instruments, and photographs were 
employed throughout. Similar though less detailed methods have been used 
in the grazing reconnaissance of all the national forests (Jardme, 1911) and 
in the classification of grazing homesteads under the Ferris Act (Shantz and 
Aldous, 1917). The essential features of these are touched upon m the dis- 
cussion of the methods of range survey in Chapter VI. , . , 

A logical and desirable outcome of a classification survey is a valuation ot 
the various parcels of land, with respect to both leasing and purchase. It has 
been a natural assumption that the nation could well afford to dispose of the 
public domain at merely nominal prices, and such a policy was warranted 
in the Middle West. In the arid regions, however, values vary so greatly 
that it constitutes a serious mistake. This is readily seen when it is recognized 
that the best grazing lands will support more than 100 cattle to the section, 
while the poorest will support scarcely one. This is particularly true in the 
case of leasing , where proper valuation based upon actual carrying capacity 
will determine whether lands are to constitute a public asset or to be the usu- 
fruct of politicians. While the nation or State can afford to be generous to 
bona fide settlers, it can treat them all alike in fact only by fitting prices to the 
production value of the land and by making the operations of the speculator 
difficult if not impossible. Moreover, it should insure the success of each 
settler by means of use or management surveys which will give him a detailed 
and adequate knowledge of his particular farm and of the crops and methods 
to be used upon it. Since such surveys are of the greatest importance in 
connection with the combined grazing and dry fanning which it seems must 
become typical of the West, their further discussion is deferred to the next 
chapter. 
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CLIMATIC CYCLES. 

Nature.' — The general nature of climatic cycles as well as their universal 
occurrence and fundamental importance is summed up in the following state-* 
merit (Plant Succession, 329): 

“It is here assumed that all climatic changes recur in cycles of the most 
various intensity and duration. In fact, this seems to be established for 
historic times by Huntington and for geologic times by the studies of glacial 
periods which have made possible the table compiled by Schuchert. The 
cyclic nature of climatic changes has been strongly insisted upon by Hunting- 
ton: ‘The considerations which have just been set forth have led to a third 
hypothesis, that of pulsatory climatic changes. According to this, the earth’s 
climate is not stable, nor does it change uniformly in one direction. It appears 
to fluctuate back and forth not only in the little waves that we see from year 
to year and decade to decade, but also in much larger ones, which take 
hundreds of years or even thousands. These in turn seem to merge into and 
be imposed upon the greater waves which form glacial stages, glacial epochs, 
and glacial periods.’ 

“Climatic changes, then, are assumed to be always related in cycles. No 
change stands out as a separate event; it is correlated with a similar event 
which has preceded it, and one that has followed or will follow it, from which 
it is separated by a dissimilar interval. Climate may thus be likened to a 
flowing stream which rises and falls in response to certain causes. It is not 
a series of detached events, but an organic whole in which each part bears 
some relation to the other parts. Considering climate as a continuous pro- 
cess, it follows that we must recognize changes or variations of climate only 
as phases or points of a particular climatic cycle, which lose their meaning and 
value unless they are considered in connection with the cycle itself. It is in 
this sense that changes and variations are spoken of in the following pages, 
where the cycle is regarded as the climatic unit.” 

Ignoring the familiar cycle of the year, there is more or less conclusive evi- 
dence of cycles of 2.5, 11, 22, 35, 50, 100, 400, and 1,000 years, approximately. 
In addition, there are the great geological cycles of unknown duration, which 
are discussed at some length in “Plant Succession” (337). 

The 11-year cycle. — The best-known and most significant of climatic cy- 
cles for the present day is the 11-year cycle and its multiples. So far as its 
relation to tree growth, and hence to vegetation, is concerned, our knowledge 
of this cycle is due chiefly to Douglass (1909, 1914, 1919), though Huntington 
(1914) and Kapteyn (1914) have had a share in establishing the certainty of 
this relation. The effect of cycles upon succession, and consequently upon 
indicator communities and crop production, has been pointed out by Clements 
(1916: 342; 1917: 304; 1918: 295). The relation of the 11-year cycle to changes 
in native vegetation and to variations in plant production has received con- 
stant study since 1914. It has proved so universal and fundamental as to 
warrant its being made the basic feature of production systems in the arid 
West (fig. 13). 

The 11-year cycle is known also as the sun-spot climatic cycle, owing to the 
striking correspondence with the sun-spot period. The correlation of the 
dry and wet phases of climate and of the variations of tree growth with the 
sun-spot cycle is often so exact as to warrant the assumption of a causal 
relation between the two. Such a relation has not yet been established, how- 
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ever, and investigation at present is chiefly confined to the nature and extent 
of the coincidence between them. The outstanding fact is that our knowl- 
edge has reached a point where it seems increasingly possible to employ the 
sun-spot cycle as a method of anticipating the coincident or related changes 
in climate and vegetation. 

Evidences.— The evidence of the cycle of sun-spots has all the certainty 
of astronomical data. The number of sun-spots has been recorded for every 
year since 1750, and the dates of the maxima and minima are definitely known 
as well as their intensity. Cycles 
in the annual growth of trees have 
been found by Douglass in a num- 
ber of diverse regions, in Europe as 
well as in America. It is obvious 
that trees growing in the most fa- 
vorable conditions will not exhibit 
cycles, since there is no limiting 
factor to produce variations in the 
width of the rings. Moreover, the 
same tree sometimes fails to show 
cycles throughout its life, or does not 
show them with equal clearness. This 
is not difficult to understand when 
the complex relations of factors, of 
competition and reaction, parasites, 
fire, lumbering, and other disturb- 
ances are taken into account. By 
far the greater part of the evidence 
of existing cycles has been furnished 
by Douglass (1919). In his study of 
Arizona trees, he has found that, 
during the last 160 years, 10 of the 
14 sun-spot maxima and minima 
have been followed about four years 
later by pronounced maxima and 
minima in tree-growth, and that the 
same trees show a strongly marked 
double-crested 11-year cycle during 
some 250 years of their early growth. 

They likewise exhibited a relation to the temperature curve for southern 
California, and this curve in turn resembled in form and phase the inverted 
curve of the sun-spot cycle. 

In the investigation of trees growing in wet climates, Douglass has also 
found conclusive evidence of cycles. The trees of Eberswalde near Berlin 
showed the 11-year sun-spot cycle since 1830 with accuracy. In the group as 
a whole, the agreement is marked, the maximum growth falling within 0.6 
year of the sun-spot maximum. In six groups of trees from England, north- 
ern Germany, and the lower Scandinavian peninsula the growth since 1820 
shows pronounced agreement with the sun-spot cycle, every maximum and 
minimum since that date appearing in the trees with an average variation of 
20 per cent. 



Fig. 13. — The 11-year cycle during the last 
250 years, as shown by the yellow pine and 
Sequoia. After Douglass. 
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Kapteyn (1914; 70) lias studied the growth of oak trees in Holland and Ger- 
many and reaches the conclusion that during fairly long intervals of time they 
exhibit not only a regularity, but also an actual and fairly constant periodicity 
in growth. From 1659 to 1784, or for a stretch of 125 years, a period of about 
12.4 years is clearly indicated. While this period disappears in certain groups, 
it persists in others, so that its recurrence for two centuries is demonstrated, 
with only one minimum missing. Huntington (1914: 135) has devoted his 
attention chiefly to the major sun-spot cycles indicated in the rings of trees 
and has secured some exceedingly suggestive evidence of cycles of 100 years 
and more. Douglass (1919: 111) has examined the trees studied by Hunting- 
ton, in order to obtain evidence from them as to the shorter cycles, especially 
that of 11 years, and to carry the existence of such cycles back for a period 
of 3,200 years: 

“The variations in the annual rings of individual trees over considerable 
areas exhibit such uniformity that the same rings can be identified in nearly 
every tree and the dates of their formation established with practical certainty. 

“In dry climates the ring thicknesses are proportional to the rainfall with 
an accuracy of 70 per cent in recent years, and this accuracy presumably ex- 
tends over centuries; an empirical formula can be made to express still more 
closely this relationship between tree growth and rainfall; the tree records 
therefore give us reliable indications of climatic cycles and of past climatic 
conditions. 

“Certain areas of wet-climate trees in northern Europe give an admirable 
record of the sun-spot numbers and some American wet-climate trees give a 
similar record but with their maxima 1 to 3 years in advance of the solar 
maxima. It is possible to identify living trees giving this remarkable record 
and to ascertain the exact conditions under which they grow. 

“Practically all the groups of trees investigated show the sun-spot cycle or 
its multiples; the solar cycle becomes more certain and accurate as the area 
of homogeneous region increases or the time of a tree record extends farther 
back; this suggests the possibility of determining the climatic and vegetational 
reaction to the solar cycle in different parts of the world. 

“A most suggestive correlation exists in the dates of maxima and minima 
found in tree growth, rainfall, temperature, and solar phenomena. The 
prevalence of the solar cycle or its multiples, the greater accuracy as area or 
time are extended, and this correlation in dates point toward a physical 
connection between solar activity and terrestrial weather. 

“The. tree curves indicate a complex combination of short periods including 
a prominent cycle of about 2 years. ” 

In addition, Douglass has made a preliminary study of sections of fossil 
trees, which show a similar cycle for some of the more recent geological periods 

Considerable preliminary work has been done in tracing the effects of the 
11-year cycle in plants other than trees and in plant communities. It has 
been discovered that the dominant shrubs of sagebrush, chaparral, and desert 
scrub often show this cycle in the growth-rings and that, in some cases at 
least, the age of the shrub suggests that establishment takes place largely 
and sometimes only during the wet phase of the cycle. Studies of the ex- 
tension of forest and woodland into grassland or other arid communities has 
shown that the entrance of the young trees occurred during the wet phase. 
Henry (1895 : 49) has shown that the height-growth of trees varies greatly 
from wet to dry periods, and it seems certain that a similar relation exists 
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for seed-production. In the special study of grazing during the past five 
years a large amount of material has been collected which shows the critical 
effect of the wet and dry phases upon growth and reproduction. As is well 
known, field crops also exhibit a striking response to years of abundant rain- 
fall as well as to those of drought. While methods of tillage influence crop 
production profoundly, the latter clearly reflects the wet and dry phases of 
the climatic cycle at those stations in the arid regions where the record is 
sufficiently long. The effect of the 11-year cycle upon animals is most strik- 
ingly seen in the ease of range cattle, which five under semi-natural, condi- 
tions, but it is also readily discovered in all animal populations which are 
directly dependent upon the natural vegetation of arid regions for their food- 
supply. 

Periods of drought— While both wet and dry phases have a marked effect 
upon the annual production of natural and cultural crops, the periods of 
drought stand out with especial vividness. While this is particularly true of 
arid regions, it holds likewise for semi-arid ones during the period of early 
settlement, when economic resources are at a minimum. The consequences 
are sufficiently disastrous even in such cases, as the history of settlement in 
the Middle West proves. In the ease of a native agricultural population held 
more or less rigidly within its own boundaries by the pressure of other tribes, 
they led to famine with attendant wars and revolts. As a result, there is much 
historical evidence of the periods of drought and famine in the Southwest, 
and this makes it possible to discover how closely these correspond with the 
phases of the 11-year cycle. As would be expected, there is frequent mention 
of droughts in the chronicles of Mexico and the Southwest from 1600 to 1850. 
A much smaller number of these were accompanied by famine, and appear to 
represent drought periods. Of more than a dozen such periods, all but two 
occurred at the sun-spot maximum, or within a year or two of it, and furnish 
a record of agreement comparable to that of the last half-century (fig. 14). 



Fw. 14.— Double and triple sun-spot cycle in yellow pine from 1700 to 1900 A. D. 

After Douglass. 


The agricultural development of the West began with the passage of the 
homestead act in 1862, and the consequent inrush of settlers. Since that tim^ 
the drought periods are known with eertainty, and their correlation can be 
made without question. In this connection it is essential to dis tinguish be- 
tween drought periods and drought years. The former consist of two to three 
or even four years and are felt generally throughout the West. In the Great 
Basin, as well as in the Southwest, a single year of drought for a particular 
region or locality may occur at almost any time, since the normal rainfall is so 



CLIMATIC CYCLES. 


251 


low that almost any deficit is equivalent to a drought of some degree. How- 
ever, while a dought year involves inconvenience and loss, it rarely causes 
disaster and the general abandonment of recently settled regions. Hence, in 
the discussion of climatic cycles and drought, the latter is understood to be a 
drought period several years in length and extending over all or nearly all of 
the West. 

Recurrence of drought periods —The assumption that the 11-year cycle 
could be traced in the present and future as well as in the past (Clements 
1916: 330; 1917: 304; 1918: 295) led to a study of the coincidence of drought 
periods and sun-spot maxima from 1860 to 1915. The sun-spot maxima for 
this interval of 55 years occurred in 1860, 1870-72, 1883, 1893, and 1907. 
The maxima of 1870-72 and 1893 were known to coincide with times of 
general and critical drought in the West, and it was found that similar con- 
ditions had prevailed in 1859-60. In the case of the maximum for 1907, the 
deficit fell in 1908-09 for most regions and was less marked, while for the 
maxinniim of 1883 the record showed an excess of rainfall quite as often as a 
deficit. The close correspondence of sun-spot maxima and drought in 1870- 
72 and 1893-95, and the decrease or absence of agreement in 1883 and 1907, 
suggested that the maximum effects occurred in multiples of the 11-year 
period (Plant Succession, 336). The period involved in the two major droughts 
was 21 to 23 years, and this appeared to warrant the suggestion that a similar 
critical drought would recur in connection with the sun-spot maximum of 
1917. The year 1915 proved to be exceptionally rainy, perhaps due to a lag 
of the effects expected at the sun-spot minimum in 1913, with the result that 
the ensuing drought period of 1916-18 appears to have been the most general 
and severe ever known in the West. 

Drought periods not only bear a relation to the maximum of the sun-spot 
cycle, but also to periods of increased rainfall, with which they show a definite 
alternation. This alternation of dry and wet phases constitutes the climatic 
cycle which corresponds with the 11-year sun-spot cycle. As Douglass has 
found in the ease of tree growth (1919), the drought period is much more 
marked, at least in its effects, and its rings are consequently used as basing 
points. The wet phase is related to the dry one in a cause-and-effect sequence, 
in accordance with which a deficit is followed within a year or two by an excess, 
or an excess by a deficit. While a preliminary investigation of this point 
indicates that it is the general rule, it is often obscured by local variations in 
the spatial distribution of rainfall. The wet phase likewise shows a correla- 
tion with the minimum of the sun-spot cycle, but it is usually less definite and 
striking than that of the dry phase. However, in a large number of localities 
representing different regions of the West, the rainfall at the sun-spot minimum 
is usually above the normal. It seems more or less probable that periods of 
excessive rainfall for 1 to 3 years occur on the second or third multiple of the 
11-year cycle, and that they precede or follow a drought period as a rule. 

The evidence that drought has occurred at frequent intervals during the 
past 300 years is conclusive. It is equally certain that drought periods have 
regularly alternated with wet ones, though these are naturally less frequently 
noted in the human record. Moreover, it must be recognized that the alter- 
nation of dry and wet phases will be seen most clearly in the grassland climax 
of the prairies and plains, where the rainfall ranges between 15 and 30 inches. 
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East of this, only the most intense droughts will be noted as such, and the 
minimum crop production is apt to occur in years of excessive rainfall. In 
the Southwest, where the rainfall is always low, the economic effects of drought 
may occur in almost any year when the distribution or timeliness of the rain 
is at fault. The existence of a climatic cycle coinciding with the sun-spot 
cycle, and consisting of a dry and a wet phase which falls respectively at the 
sun-spot maximum and minimum, appears to be established beyond a doubt 
by the work of Douglass, Huntington, and Kapteyn, as well as by the study of 
vegetation. Much more work is required to explain certain apparent excep- 
tions and contradictions in widely divergent climates, but none of these seem 
to invalidate the general principle. 

Significance of the sun-spot cycle —The establishment of a cycle of rela- 
tively dry and wet periods with a usual length of 10 to 12 years is of para- 
mount importance to the practice of agriculture, forestry, and gr azing in the 
West. Since rainfall is the limiting factor over most of the region, a knowl- 
edge of what can be expected in the way of variation in rainfall and changes 
of climate will be of the greatest help. The most serious handicap to the 
proper agricultural development of the West lies in the almost universal 
misconception of climate and the nature of its changes. Much of this 
arises from the mistake of the earlier geographers in regarding the Missouri 
Valley as a part of the “Great American Desert.” The rapid development 
of this region was sufficient proof that it had never been desert, but the per- 
sistence of the old idea could be reconciled with the facts only by the assump- 
tion that the rainfall had greatly increased as a result of cultivation. This 
impression that the rainfall was increasing was further strengthened by the 
luxuriant development of the tail-grasses as a consequence of the disappear- 
ance of the buffalo. This mistaken idea still persists over much of the West, 
where a marked and permanent increase in rainfall is confidently expected to 
follow settlement. This error has further serious consequences in that it leads 
to each drought period being regarded as the last, and consequently prevents 
the adoption of systems of settlement and management which will reckon 
with drought periods as certain to recur. Even where experience made it 
clear that droughts still occurred, the prejudice in favor of a e.hargmg cli- 
mate, together with the general optimism and inertia of the pioneer, pre- 
vented the recognition of the patent fact. Moreover, during the disastrous 
thought of 1916-18, stockmen were often found who admitted that drought 
had occurred before and probably would again, but stated that this fact 
would be readily forgotten when the r ains came. 

The meteorologists have proved repeatedly, from the weather records, that 
there has been no progressive change in the climate of the West during the 
settlement of the latter. This has been conclusively shown by Swezev and 
Loveland (1896:137) for Nebraska, the central position of which make s it 
typically representative of the climate and vegetation of the grassland climax: 


. . V we examine the precipitation for the series of years from 1849 to 1895 
inclusive given m Appendix II, we shall find that, although the r ainf all of the 
past few years has been less than that of the earlier years of the series so far 
S™. meager records o/tSe S 

ev d mc ! of “ y “"SKlerable progressive ebaige ii the 
climate of the State, either toward wetter or drier conditions. There have 
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been excessively wet and excessively dry years, the annual rainfall having 
ranged from 13.30 inches to 47.53 inches; there have been groups of wet years 
and groups of dry years succeeding one another in a rather irregular manner. 
Thus the 47 years may be grouped into five periods as follows: The first 10 
years were mostly wet years, only one of them, viz, 1852, having a rainfall 
less than normal; the next 9 years, 1859 to 1867 inclusive, constituted a period 
of scant rainfall, including particularly the exceedingly dry years of 1863 
and 1864 and the scarcely less dry years of 1859 and 1860; the 9 years from 
1868 to l876 inclusive included years of plenteous and years of scant rainfall 
succeeding each other in a quite irregular manner; then, followed 10 years, 
1877 to 1886 inclusive, of rainfall generally above the normal; and finally the 
last 5 years have been, with the exception of 1891 and 1892, years of deficient 
rainfall, with the year 1894 ^ the driest of the whole 47. 

“But if we divide the entire series of 47 years into two periods of 24 and 23 
years respectively, the average rainfall of the first period will exceed that of 
the last by only about an inch. The first year of the series, 1849, was one of 
excessive rainfall, not only as shown by the record made at Fort Kearney, 
the only station in Nebraska at which records were kept, but also as confirmed 
by records in the adjacent Territories. This difference of a little more than 
an inch between the mean rainfall of the first 24 years and that of the last 23 
years of the 47 would almost disappear if this year of 1849 were omitted from 
the series; the mean precipitation for the 23 years from 1850 to 1872 is 23.55 
inches, while that of the 23 years since is 23.46 inches. 

“The conclusion, therefore, seems to be a safe one that the average rainfall 
of Nebraska, although subject to great fluctuations from year to year, yet 
in the long run remains substantially unchanged, so far as we can discover 
from the records of nearly half a century. ” 

Prediction of drought periods, — The sun-spot cycle furnishes a ready method 
of predicting the occurrence of dry and wet periods. The sun-spot numbers 
are recorded with the greatest accuracy and detail, and the number for each 
month and year is readily obtainable. These numbers, taken in conjunction 
with the length of the recent cycles, make it possible to forecast the date on 
which the next maximum and minimum will fall, as well as something of their 
intensity. During the past century the average of 11.4 years for the cycle 
has been strikingly evident, practically all the cycles being from 10 to 12 years 
long. The accuracy of the correlation between the sun-spot cycle and the 
climatic cycle as recorded in the growth of trees is 85 per cent, according to 
Douglass’s results (1919). This compares favorably with the accuracy 
of the daily forecasts of the Weather Bureau, and still more favorably with 
that of the weekly forecasts. However, there is one essential difference, in 
that the latter are actual forecasts, while the prediction of dry and wet phases 
has been attempted as yet only for the dry and wet phases of the current cycle 
(Clements, 1917, 1918). The close correspondence between the sun-spot 
cycle and^ the curve of tree growth strongly suggests a similar degree of 
accuracy in actual prediction, but repeated trial can alone determine this, 
as well as disclose the reasons for failure. 

While it is thought and expected that the use of the sun-spot cycle will 
permit the prediction of drought periods for the West in general, as well as 
the occurrence of intervening but more diffuse wet periods, the prediction for 
a particular locality is subject to more uncertainty. In this respect, cycle 
predictions resemble the daily and weekly weather forecasts. The failure of a 
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relatively small number of these to be verified is due chiefly to changes of 
intensity or of pathway in the cyclonic area. In addition, there are more 
obscure' local differences in evidence in almost every storm by which the 
amount of rain may vary greatly at two neighboring points. As Kullmer and 
Huntington have pointed out (1914), the shifting of the storm-belt seems to 
afford a causal explanation of climatic differences at the sun-spot maximum 
and minim um, as well as of variations from one locality or region to another. 
Thus, while drought periods are general for the West at the double sun-spot 
cycle, as in 1870-72, 1893-95, and 1916-18, not all regions showed 3 years of 
drought, and during any one year a few regions recorded a rainfall approach- 
ing normal. Naturally, the drought was most intense and prolonged in the 
areas of normally scanty rainfall, and it decreased more or less regularly in the 
direction of regions of medium precipitation. During such periods, it is even 
possible that high mountain regions may receive an excessive amount of 
rain. This seems to result from the principle of compensation, in accordance 
with which deficit and excess are regularly linked together in time or in space. 
Tor the present, this is regarded as the most plausible explanation of variations 
and inco nsis tencies in the behavior of the climatic cycle, but it is probable 
that further knowledge will show that these are connected with the differentia- 
tion of contiguous climates. Hence, while the method of cycles can not as- 
sume to forecast the number of inches of rain for any locality during a certain 
year, it can predict the recurrence of drought periods and of succeeding wetter 
years for the West in general. The drought period will concern three regions 
out of four during most of its duration, and it will affect practically every 
locality at some time during its phase. 

Utilization of cycles. — A study of settlement in the West since 1865 reveals 
the fact that it corresponds more or less closely to the climatic cycle. The 
exceptions are afforded by the rapid inrush after the homestead act, the Kin- 
kaid act, etc., or after the opening of new regions. The general movement of 
settlers has advanced and receded in almost perfect agreement with the wet 
phases and drought periods of the climatic cycle (cf. Bruckner, Huntington 
1914:89). A few years of unusual rainfall have afforded unscrupulous real- 
estate dealers and immigration commissioners an opportunity to dispose of 
even the most worthless land. The ensuing drought period then led to crop 
failure and the wholesale abandonment of the region, to be followed by 
another influx of settlers during the next wet phase. In more than one region 
of the West this process has been repeated three or four times, and its dis- 
astrous operation will continue until the States and the National Government 
recognize the necessity of proper land classification and of adequate regulation 
of settlement. 

The knowledge that drought periods will recur is indispensable to any 
accurate and successful classification of land and to the economic manage- 
ment of dry-farm, grazing range, or forest. These results, which are of the 
first importance for the West, do not depend necessarily upon the accuracy of 
predictions based upon the sun-spot cycle. They are clearly indicated by the 
actual experience of the last 60 years, which no) only confirms the recurrence 
of drought periods, but also suggests the interval. However, it is clear that 
it would be of the greatest value to be able to forecast the date, duration, and 
intensity of each drought period with some accuracy, as well as to anticipate 
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the Increasing rainfall of the wet phase. This would not only permit the tak- 
ing of the necessary precautions against the disasters due to drought, but it 
would also make possible the development of an optimum system of manage- 
ment. This would enable the farmer to fit his crops and methods of tillage 
to the variations in rainfall and would permit the stockman to increase or 
decrease his herds or to vary his supplies of forage with the wet and dry phases 
of the cycle. In short, the cycle management of all the basic practices of the 
West would provide the maximum insurance against loss or disaster and would 
afford the greatest possible annual returns. It is further discussed in con- 
nection with agricultural and forest indicators, but its value is especially” 
emphasized under grazing, since the latter and the related dry-farming are 
most dependent upon climatic conditions. 

FARMING INDICATORS. 

Types of farming. — With reference to indicators, types of farming may 
be based upon conditions or upon crops. Since the former determines the 
methods and return (and often the crop as well), it seems to afford the better 
basis. Accordingly, the usual division into humid and arid farming is em- 
ployed here, with a further division of the latter into dry-farming and irrigation 
farming. It is clear that no sharp line exists between the types of agriculture 
in humid and arid regions. Between the two lies a broad belt of semi-arid 
country in which there is a gradual adjustment of methods and crops to 
Increasingly arid conditions. The distinction is further obscured by the 
variation in rainfall from the wet to the dry phase of the climatic cycle. Dur- 
ing the wet period humid farming is possible through most or all of the semi- 
arid belt and the need of drainage becomes felt over a much wider area. 
During the dry period arid conditions are pushed across much of the semi-arid 
country and semi-arid conditions develop in the outlying humid areas. How- 
ever, practices change much less than conditions; the general area of the humid, 
semi-arid, and arid regions remains essentially the same, with their mutual 
relations identical. 

The humid region is regarded as possessing a lower limit of 25 inches of 
rainfall, while the semi-arid has a range of 15 to 25 inches, and the arid from 2 to 
15 inches. As would be expected from variations in the annual amount and 
distribution of the rainfall, semi-arid areas with 20 to 25 inches of rain are 
characterized by the humid type of farming, and those with 15 to 20 inches 
by dry-farming. The latter type usually reaches its lower limit at 12 inches, 
or at 10 inches where the rainfall is largely of the winter type. Below 10 
inches, farming is profitable only by means of irrigation. Naturally, the 
latter is also extensively practiced in regions with 10 to 20 inches of rain, and 
to some degree under even higher rainfall. As Briggs and Belz (1911) have 
shown, the efficiency of rainfall depends upon the amount of evaporation, and 
hence decreases more or less regularly from the northeast to the southwest in 
the western .United States. 

Relation of types of farming to indicators. — Because of the control made 
possible by irrigation, methods of tillage, and variation in crop or variety, 
indicator values are less definite in the case of types of farming than in grazing 
or forestry. Their significance is further reduced by the possibility of irri- 
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gation and by such economic considerations as markets and transportation. 
Moreover, the method of conserving water-content by means of summer 
fallow enables dry-farming to be practiced in regions where otherwise irriga- 
tion would be the only successful method. On the other hand, where annual 
cropping is the rule, dry-farming methods pass imperceptibly into those of 
ordinary farming with good tillage in semi-arid and subhumid regions. In 
spite of this, there is a general correspondence between climax associations 
and types of farming. The tail-grass prairies are typical of regions in which 
humid farming prevails. The mixed prairies and short-grass plains denote 
country in which dry-farming of the annual crop type is more or less success- 
ful The bunch-grass prairies and desert plains characterize regions of scan- 
tier rainfall, for the most part of the winter type, and hence are chiefly to be 
correlated with dry-farming by means of summer fallow. Subclimax sage- 
brush has practically the same indicator value as the associated grasses. 
When these are tail-grasses the indications are of dry-farming with annual 
cropping, and when they are bunch-grasses they indicate summer fallow 
methods. Climax sagebrush is also an indicator of the latter when the rain- 
fall does not fall below 10 inches. Over the major portion of the central Great 
Basin, sagebrush indicates a climate in which crop production is impossible 
without irrigation. This is likewise true of practically the whole desert scrub 
climax except for small areas at higher altitudes or near its eastern limit, 
where it approaches or mixes with the grassland. The indications of chaparral 
are variable. While they are largely non-agricultural, chaparral resembles 
scrub generally in its indication of dry-farming or irrigation practices, as is 
true also of woodland where soil and topography are favorable. Montane 
forest usually receives enough rainfall to make humid farming possible, 
though both dry-farming and irrigation are practiced in the lower yellow-pine 
belt. Most of the montane zone lies above the limit of profitable agriculture, 
and the occasional fields of hardy cereals are restricted to the warmer valleys 
and lower slopes (plates 61 and 62), 

EdapMc indicators of types of farming. — These are more local and hence 
less important than the climatic indicators just discussed. They are primarily 
related to soil and water-content, and consequently are of the greatest service 
in regions with marked soil characteristics, such as sandhills, bad lands, saline 
basins, or in river or lake valleys with relatively high water-content. The 
same farrn may have lowland and upland areas, or may show considerable 
variations in soil with corresponding indications as to types of farming. This 
is particularly true of the wet valleys in the sandhills of Nebraska and of the 
many river valleys with a generally westward direction in Nebraska and 
Kansas. The wet valleys are marked by meadow communities, and many 
of them are susceptible of farming by the usual methods. The river valleys 
are occupied by similar communities of which Andropogon , Agropyrum , Gala- 
movtlfo f, ElymuSj or Spartma are the dominants, or they may be characterized 
by the presence of scrub. In either case the indications are for subhumid 
farming, especially dining the wet period of the climatic cycle. 

Shantz (1911:85) has pointed out the agricultural significance of the 
difference between lighter and heavier soils in passing to the westward. The 
lighter soils conserve water to a much larger degree, and hence require less 
intensive methods of cultivation than do the heavier ones. In some regions, 
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A. Tall valley sagebrush indicating a deep soil for irrigation, Garland, Colorado. 

. A legume, Lupin us pin tie ns is, indicating a rich moist soil, Monroe Canyon, Pine Ridge, Nebraska. 
. Relict till pa and Bulsamorhiza in sagebrush, indicating a bunch-grass climate foi diy-f aiming, 
Hagerman, Idaho. 
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and especially during certain years, this may amount to ordinary cropping 
on one and dry-farming on the other. Kearney and others (1914: 416) have 
shown that sagebrush (Artemisia tridentaia) is an indicator of both dry-farm- 
ing and irrigation farming in Utah when it makes a good stand and vigorous 
growth. Communities of Kochia vestiia or Airiplex confertifolia generally 
indicate the necessity of irrigation to rid the soil of the excess of salts. The 
mixed community of Sarcobatus and Airiplex has essentially the same signifi- 
cance, though it indicates the desirability of drainage as well. Hilgard (1906: 
536) regards Sporobolus airoides , Spirosiachys , Salicornia , Suaeda, Sarcobatus , 
Frankenia , Cressa , and Distichlis as indicators of the necessity of underdrainage 
as a prerequisite to successful irrigation farming. 

CROP INDICATORS. 

Nature and kinds. — While the factor-complex must always be kept in mind 
in the correlation of indicator communities and crops, water is the paramount 
factor practically throughout the West. The importance of temperature as 
a direct factor increases with latitude and especially with altitude, but it is 
regularly less than that of water. The water relations are primarily a ques- 
tion of rainfall and evaporation, more or less modified locally by topography 
and soil. As a consequence, it is desirable to distinguish climatic and edaphie 
indicators of crops. The former denote the general climatic regions for 
particular kinds or varieties of crops, the latter the soil or topographic differ- 
ences which break up the climatic uniformity of a particular region and render 
other kinds or varieties preferable. Climatic indicators are primarily climax 
communities of varying rank, while edaphie indicators are mostly serai or 
developmental communities. Crop indicators may serve to denote (1) the 
type of crop, as grain or forage; (2) the species in a general sense, as wheat, 
oats, or rye; (3) the kind, as winter and spring, or hard and soft wheat; and 
(4) the variety, such as Marquis, Fife, or Preston. They also permit cor- 
relations with differences in methods of practice, such as dry-farming with and 
without summer tillage, etc. 

Little use has been made of plant communities as indicators of the type or 
kind of crop. This has been a natural outcome of the enormous amount of 
crop experimentation carried on by the Department of Agriculture and the 
various State experiment stations during the past two decades. Nearly 100 
stations and substations have been concerned in this work, and it is a logical 
conclusion that they have made the use of crop indicators unnecessary. It 
seems, however, that the very extent and thoroughness of the experiments 
with various crops must increase the accuracy and readiness with which 
indicators can be used. In spite of the numerous stations, there are many 
large regions still unrepresented. In addition, the climatic gradations and 
edaphie variations are so numerous that the native vegetation alone affords an 
adequate method of taking them all into account. As a consequence, the 
opportunity for working out a general system of crop indicators seems excep- 
tionally good. This would be based upon the correlations between native 
communities found about each station and the types and kinds of crops dem- 
onstrated to be the most desirable for that region. While such correlations 
can be obtained from the results of practically all stations, the investigations 
carried on at those of the Office of Dry-Land Agriculture are of the greatest 
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value. This is due to a number of causes, chief among which are the use of 
the same crops and methods, the wide extent of the studies, the large number 
of stations in a single great climax, the grassland, the more or less gradual 
decrease in rainfall to the westward, and the consequent readiness and accuracy 
with which co nparative results can be obtained. The correlations discussed 
below have been based chiefly upon the results obtained by this Office, supple- 
mented for the more or less representative central portion by the studies made 
at the experiment stations of Nebraska and Kansas-. In all of them, it should 
be borne in mind that the correlation and the corresponding indicator com- 
munity have the greatest accuracy in the region of the particular station or 
stations, and that this value decreases more or less regularly in the direction 
of stations with different correlations. However, the practical usefulness of 
the indicator increases with the remoteness from a particular station, providing 
always that the plant community remains the same, since the latter indicates 
that the conditions are essentially unchanged. 

Climatic indicators of the types of crops. — The correlations considered here 
are based upon the fact that crops, like natural dominants, have an area of 
maximum production about which they shade out in all directions. This 
diminution is generally less marked in the case of crops, owing to the modi- 
fying influence of culture as well as of economic factors. Com affords the 
most striking example of a crop grown throughout an extensive region, but 
with a well-defined area of maximum production. As a crop it extends over 
the major portion of several climaxes, but its optimum area, the “com belt,” 
is more or less clearly limited. The limits of this belt fall within the main area 
of the subclimax and true prairies, which are to be regarded as the indicators 
of maximum com production. In this connection, it is at least suggestive 
that four of the dominants of these communities belong to the genus Andropo- 
gon, which systematically and ecologically resembles com more closely than do 
any of the other grassland dominants. As might be expected, wheat exhibits 
an even more extensive correlation with the grassland. The region of max- 
imum production is from Saskatchewan to Oklahoma, with secondary maxima 
in Indiana and Illinois, and in Washington and Oregon. The maximum falls 
almost wholly within the region occupied by the true and mixed prairies. 
Here also it is perhaps significant that Agropyrum, with its close relationship 
to Triticum, is an important dominant in these communities and is the major 
dominant in the great wheat region of the Palouse. Oats show a somewhat 
similar relation to grassland, as does barley, but rye manifests no clear cor- 
relation, On the whole, however, there is good evidence for regarding grass- 
land made up of tail-grasses as the primary indicator for the optimum pro- 
duction of cereals (cf. Smith, Baker and Hainsworth, 1916; Waller, 1918). 

Hay and forage crops generally are more or less evenly distributed through 
the deciduous forest and grassland climaxes, but there is a clear regional 
differentiation in the case of alfalfa and sorghums. The chief center for 
alfalfa, is in central Nebraska, Kansas, and Oklahoma, with local centers in 
the main irrigated sections of the West, practically all of which occur in grass- 
land or sagebrush. The sorghums, whether grown exclusively for fodder or 
for grain as well, have their center of maximum production in western Kansas, 
Oklahoma, Texas, and eastern New Mexico. It corresponds closely with the 
eastern half of the short-grass association, in which Bulbilis and Bouteloua 



A. Mixed prairie (Stipa tomato) indicating dry-farming, Scenic, South Dakota. 

B. Tail-grass (Andropogon furcalus) indicating humid farming, Madison, Nebraska. 

C. Bunch-grass prairie {A g rop yru m-Fest u ca ) indicating dry-farming with winter rainfall, The 

Dalles, Oregon. 
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gracilis are the dominants. Cotton reaches its maximum in a well-marked 
region which corresponds with the southern forest, except in central Texas 
and Oklahoma. Under irrigation it promises to develop a secondary center 
for long-staple varieties in the desert scrub climax of the Southwest. Of 
the other types of crops, vegetables are more or less evenly distributed over 
the eastern half of the country, with marked regional differentiation for cer- 
tain kinds and many local foci. Fruits and nuts show a similar uniform dis- 
tribution in the East, but they are almost wholly confined to the forested 
region and its extension into the southeastern prairies. This correlation is 
wholly to be expected on the basis of similarity in life-form. The most im- 
portant fruit districts of the West lie in the sagebrush and chaparral climaxes 
and depend upon irrigation, as the difference in the life-forms indicates. 

Climatic indicators of kinds of crops. — The correlation of the kind of crop 
with indicator communities has already been touched upon. It is often less 
definite than with types of crops, but there are a number of correspondences 
of much interest and value. These are perhaps best shown by the three kinds 
of wheat, namely, winter, spring, and durum. Winter wheat has its center 
in the true prairies of Kansas and Nebraska, in which Andropogon plays an 
important part. Spring wheat and durum reach their best development in 
the mixed prairies or in the northern portion of the true prairies, where Stipa 
spartea and Agropyrum glaucum are especially important. They are more or 
less equal in value in the eastern portion of the true prairies, but durum shows 
an increasing advantage to the west, and is superior to spring wheat practi- 
cally throughout the mixed prairies. In the bunch-grass prairies of the North- 
west the advantage is reversed, and spring wheat outyields durum. The 
general use of summer tillage in connection with the winter precipitation favors 
winter wheat because of its earlier period of growth. 

The region of the maximum production of barley comprises the northern 
half of the true prairies, while that of oats includes the major portion of both 
the subclimax and true prairies. Flax finds its maximum in the transition 
from the true to the mixed prairies, but it is extending more and more into 
the latter in western North Dakota. While there is a marked correlation 
between the sorghums as a group and the short-grass plains and their transi- 
tion to the tail-grasses, the various kinds of sorghums show no clear correla- 
tions with indicator communities. This is perhaps due in some measure to 
the relatively short period of trial, but probably results chiefly from the fact 
that qualities of earliness and dwarfness are more significant than the group 
differences (Ball, 1911; Ball and Rothgeb, 1918:88). In contrast with the 
grain-sorghums, the sorgos show an increasing correlation with the tail- 
grasses, and in western Nebraska and the Dakotas are to be related to the 
mixed prairies. 

Climatic indicators of varieties —The significant correlation of indicator 
plants with varieties is naturally more difficult and less satisfactory than in 
the case of types and kinds of crops. This is largely because the differences 
between varieties can be modified or reversed by seasonal variations or cul- 
tural methods, as well as by the complex of local conditions. It is also due 
in part to the fact that the minor differences in indicator communities arising 
from varying grouping of the dominants and from changes in the subdomi- 
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nants have received little careful study. In spite of these facts, there are 
certain obvious correlations where varieties differ in some clear-cut quality, 
such as earliness or dwarfness. Both of these are related to the evasion of 
drought or frost, and can be correlated in some measure with indicators of 
changing altitude or latitude, or with decreasing rainfall. It should be borne 
in mind also that each variety primarily represents a certain degree of adjust- 
ment to particular conditions, and that some of them are certain to be replaced 
by other varieties as a result of longer trial or changing demands. 

Wheat exhibits the best indicator correlations with varieties because of its 
greater differentiation and wider area. Among the durum wheats, Arnautka 
is indicated as the best variety by the true prairies with greater rainfall and 
shorter season. Of the spring wheats, Preston is generally indicated by true 
prairie, Marquis by mixed, and Bart by the bunch-grass prairie. Winter 
wheats are less clearly indicated owing to their greater drought evasion, but 
the Turkey and Kharkof are the principal varieties in the true prairies, and 
various strains of Crimean in the short-grass plains and the sagebrush. The 
soft winter wheats correspond with the subclimax prairies more or less nearly, 
while the hard varieties correspond with the true prairies and short-grass plains, 
which are relatively drier and colder. The varieties of oats show a fair degree 
of correspondence with the grassland associations. Kherson generally gives 
the best yields in the true prairie, Burt in the short-grass association, 60-day 
in the mixed prairie, and 60-day or Kherson in the bunch-grass prairie. In 
Kansas, Blackhull kafir is the best variety in the subclimax and true prairies, 
Pink kafir in the broad transition to the short-grass, and Dwarf Blackhull in 
the short-grass proper, where it enters into competition with Dwarf mile and 
feterita. Orange sorgo is correlated with the subclimax and true prairies, 
and Red Amber with the transition and the short-grass plains. 

Life zones and crop zones— Merriam’s classic paper upon the life zones and 
crop zones of the United States recognized seven divisions, the Arctic-Alpine, 
Hudsonian, Canadian, Transition, Upper Austral, Lower Austral, and 
Tropical (1898 : 18; 1890:18). The most important of these were sub- 
divided into faunal areas, of which the Arid Transition, Pacific Coast Transi- 
tion, Upper Sonoran, and Lower Sonoran are the ones found chiefly in the 
West. Lists of crops and their varieties were given for each of the areas and 
the zone ranges of crops were indicated by tables. These represented the' 
most important correlations and were undoubtedly of value as a record of the 
results of experience and experiment up to 1898, though naturally many of 
the varieties have since been superseded. Many of these correlations were 
necessarily the same as for indicator communities in the same regions. Since 
the basis of Merriam’s work was floristic and faunistic rather than ecological, 
the correlations were for the most part more general and less accurate. As 
has been indicated earlier, this was a necessary outcome of regarding tem- 
perature and fauna as the primary bases for such correlations rather than 
water and vegetation. One interesting consequence was the much greater 
use made of perennial crops, particularly the fruits, since these are naturally 
more subject to unfavorable temperatures than the annual ones. The need 
for a finer division of the faunal areas is well illustrated by the Upper Sonoran, 
which includes the grassland, sagebrush, chaparral, and woodland .climaxes. 
The difficulty of correlating crops with such an extensive and varied area is 
mentioned by Cary in his discussion of this zone in Colorado (1911:30): 
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“The distribution of Upper Sonoran crops is at present local; and so de- 
pendent are many of the crops upon natural protection, adequate water supply? 
and suitable soils, entirely aside from temperature, that they can not be grown 
over the whole of a region so varied as the Upper Sonoran of Colorado/' 

Whatever may be the shortcomings of the life-zone concept, they are more 
or less inevitable in a pioneer work covering such a vast field. With Hilgard 
and Chamberlin, Merriam must be given great credit for having recognized 
the value of natural indicators so early, and for pointing out many of the 
major correlations. His method has formed the basis for the surveys of 
Western States made by the Bureau of Biological Survey during the past 15 
years. The first of these was that of Texas, made by Bailey (1905), in which 
little attention was given to crop correlations. In a similar study of New 
Mexico (1913; cf. Wooton, 1912: 10) he has discussed the crops of the Lower 
and Upper Sonoran zones in some detail, especially as to the fruits (23, 38). 
Cockerell (1897) was the first to give a general discussion of the life zones of 
New Mexico, as well as the first fio make use of insects as zone indicators. 
Cary (1911: 29, 40) has dealt with the agricultural importance of the Upper 
Sonoran and Transition zones in Colorado. He has also characterized briefly 
the agriculture of the same zones in Wyoming (1917 : 30, 39) and has pointed 
out the economic importance of the boreal zones (52). Robbins (1917) has 
described briefly the native plant communities in Colorado with especial 
reference to altitude and has discussed the general agricultural relations of 
the grassland, sagebrush, chaparral, woodland, and montane forest. 

Edaphie indicators of crops and methods —Variation in crop possibilities 
within a climate, due to edaphie or soil conditions, may be regional or local* 
Regional and local variations are both caused chiefly by variations in water- 
content arising from differences in soil', solutes, or topography, and the only- 
important difference between them is that the one determines the general 
agricultural practice of a region, and the other that of a neighborhood or of a 
single farm. The responses of plants to local differences in water-content are 
readily seen, and the corresponding edaphie indicators are of much value 
in suggesting desirable or necessary local variations in crops or methods. 
Since practically all such local differences have to do with water-content or 
temperature, their indicators have the same general significance as in the case 
of the more general climatic differences. Such local variations in conditions 
may often be quite as great as those between adjacent climatic regions and 
edaphie indicators may consequently denote differences in crops and methods 
quite as great as climatic ones do. Since the number of such indicators is 
legion, and every small difference of soil or topography has a corresponding 
indicator, the adjustment of crop and method to any particular variation in 
conditions is largely a matter of practicability. Locally as well as generally, 
the chief differences in soil are represented by saline soil, hard land or gumbo, 
and sand. All of these have their proper indicators, as is well known, and it 
is only necessary to recognize that their local occurrence has much the same 
significance assigned to them by Hilgard, Shantz, Kearney and others for 
more extensive regions. This is particularly well illustrated in the case of 
dune-sands, which are found in sandhill areas through the prairies and plains. 
It is best seen in the great sandhill region of Nebraska, where soil and topo- 
graphy have combined to present an unusual set of conditions. The loose 
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sandy soil, lack of humus, and the maze of steep lulls with intervening wet and 
dry valleys constitute a complex of factors marked by distinctive indicators 
and demanding a specialized type of agriculture (Cowan, 1916: 5). Such a 
region not only requires different methods and crops from those of the general 
climatic area, but the varying areas of wet valleys, dry valleys, and hillsides 
demand corresponding differences in treatment. 

Indicators of native or ruderal forage crops. — The detailed study of sec- 
ondary seres in fallow fields and similar disturbed areas has revealed a num- 
ber of species of native herbs and weeds which give more or less promise as 
forage crops. During the three years of drought from 1916 to 1918, particular 
attention has been directed to those which made a vigorous growth or a good 
stand in fields in which forage crops were a failure, or in areas adjacent to such 
crops. A considerable number of weeds of .much promise has been observed 
over an extensive region, and in addition a number of native species have 
been suggested as of possible forage value by their behavior during drought. 
By far the most valuable are Melilotus alba, Helianthus annum, and Salsola 
kali . The former is rapidly taking its place as a forage crop in some regions 
and there seems little doubt that it will ultimately be grown as a dry crop 
over a wide area. Helianthus animus has but recently been tested under field 
conditions (Arnett, 1917), but the results agree with the evidence in nature 
to the effect that it is of much value in dry regions, and especially during 
drought years. Salsola has been grown scarcely at all as a crop, but it has 
been cut as a weed crop and utilized as hay of a fair quality at least. While 
its tonnage is less than that of sunflower, it will often grow luxuriantly in 
places where the latter will not. This is true also of Helianthus petiolaris, 
which may be regarded as a dwarf native form of the common sunflower. 
The other coarse weeds whose behavior indicates that they will be found to 
have some forage value are Chenopodium album , Amarantus retroflexus, A. 
hybridus , Erigeron canadensis, Iva xantliifolia , L axillaris, and Brassica nigra. 
The native species of weedy habit and of such vigorous growth as to suggest 
the probability of forage value are Amarantus pahneri, A. powellii , A. torreyi , 
A. wrighiii, A. fimbriatus, Acnida tamariscina , Psoralea lanceolata, Franseria 
tenuifolia , F. discolor , Atriplex rosea , A . expansa, Corispermum hyssopifolium, 
and Cycloloma plaiyphyllum. The last four are adapted to saline soils, and 
the last two to sandhill areas as well (plate 63). 
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Cjcles of production. The close dependence of annual crops upon seasonal 
and annual rainfall makes it clear that they will reflect the various climatic 
cycles in some degree. The correlation is less exact than with the natural 
perennial crops of grasses, shrubs, and trees, owing to the effect of cultural 
methods and the choice as to times of planting. It is also more or less ob- 
scured by r otation and by changes of variety and method such as are con* 
stantiy taking place, in ordinary practice. Moreover, it may be completely 
destroyed for a particular year by hot winds of a few days’ duration if;fchey 
occur at a critical period, such as that of the tasseling of corn. In addition, 
the con elation of cycles, rainfall, and crop production is most in evidence in a 
region such as the prairies and plains, where the rainfall is moderate, ranging 
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Rainfall and (he production 0 / grain-sorghum. 


1 Unpublished data from the Office of Cereal Investigations, Bureau of Plant Industry, U. S. 
Department of Agriculture. 

Ball and Rothgeb (1918: 22) have given a very instructive account of the 
distribution and timeliness of the rainfall of the various years m relation to 
v old Their discussion makes clear the number of apparently chance factors 
which enter into the production of a crop. In spite of this, however, both the 
1 1 year and the 2 to 3 year cycle can be recognized in the production as well 
as in the rainfall. As seems to be the rule, these show more clearly in the 



F ia, 16. — Graph of total and seasonal rainfall at Whilst on. North Dakota. 
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summer than in the winter rainfall, and hence more clearly than in the annual 
rainfall. There is a tendency to maximum rainfall about the sun-spot 
minimum of 1913, and to minimum rainfall about the sun-spot maximum of 
1918. However, it is much less decisive at Amarillo than at other places in 
the Great Plains, indicating the action of a spatial balance in the rainfall of a 
particular year. The evidence of the excess-deficit cycle of 2 to 3 years is 
much clearer. From 1908 to 1911 and 1911 to 1914, the cycle was 3 years, 
while from 1915 to 1916 and 1917 to 1918, it was 2 years. This is reflected in 
the production, the maximum yields occurring in 1908, 1911, 1915, and 1917. 
The yield does not correspond with either the annual or seasonal rainfall alone, 
though it follows the latter more closely. This is due to the fact that while 
the grains are Ike the grasses in being chiefly dependent upon the summer 
rainfall, they also show the effects of a water-content surplus or deficit aris- 
ing from the year before. There can be little question that the water-content 
of the soil shows cycles corresponding closely to those of rainfall, and that 
scientific agriculture must come to take these into account in connection with 
forecasting the kind of crop and the yield for any particular year. Thus, 
while the investigation of rainfall and crop cycles presents many complexities, 
it appears that these are all worked out on the basic pattern of the 22-year, 
11-year, and 2 to 3 year cycles. If this proves to be the case as the result of 
intensive studies throughout the West, it is probable that annual crop pro- 
^r— _ — — 



Fig. 17. — Graph of total and seasonal rainfall at Cheyenne, Wyoming. 
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dilution may ultimately be forecasted with something of the accuracy of daily 
weather forecasts at present. 
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The excess-deficit balance. — The fact has already been emphasized that an 
excess of rainfall in one year is almost certain to be balanced by a deficit in 
the next year, while a great excess is often followed by two or rarely three 
years of deficit. As a rule, an excess is an amount above the normal rainfall 
and a deficit is an amount below it. Moreover, an excess in one region is often 
counterbalanced by a deficit in another, or an increase or decrease in one 
region is not- met by a corresponding change in an adjacent one. When the 
balance operates from one year to another, it produces a cycle of 2 to 3 years. 
This cycle exhibits marked variations in rainfall, so much so that it may 
obscure the normal effect of the 11-year cycle at its maximum or minimum 
though apparently not that of the 22-year cycle. In order to illustrate the 
operation of the excess-deficit cycle, use has been made of columnar graphs of 
the rainfall at^ widely separated points in the grassland climax. The points 
selected are TVilliston (North Dakota), Cheyenne (Wyoming), Akron (Colo- 
rado), and Amarillo (Texas). In the case of the first three places, the graphs 
have been adapted from those prepared respectively by Babcock (1915: 5 ) 
Jones (1910:4), and McMurdo (1916:4). The graph of Williston rainfall 


Fig. Graph of total and seasonal rainfall at Akron” Colorado. 
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(fig. 16) shows five 2-year and two 3-year cycles since 1900, while the record 
since 1885 shows an almost complete series of 2-year cycles. The Cheyenne 
graph shows a preponderance of 3-year cycles, and with the exception of a 
single year (1908), there is a perfect succession of 2-year and 3-year cycles. 
At Akron the first two cycles are 2-year and the last three are 3-year. At 
Amarillo the cycles are much less distinct, but the 3-year cycle is fairly well 
marked, especially in the seasonal rainfall. A comparison of the respective 
graphs will disclose the regional rainfall balance during a particular year. 
The year 1905 was excessively wet at Amarillo, Akron, and Cheyenne, but 
was very dry at Williston, 1906 being the wet year. Likewise, a slightly less 
wet year (1915) was excessively wet at Amarillo and Akron, only a little above 
the normal at Cheyenne, and slightly below normal at Williston, the excess 
falling the next year again. The year 1911 was the driest of the record at 
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Akron and Cheyenne, while it was nearly normal at Williston and above 
normal at Amarillo, 1910 being the driest year at both these places. The year 
1914 was dry at Akron and Cheyenne, nearly normal at Amarillo, and above 
normal at Williston. The regional variations in seasonal rainfall, both abso- 
lute and relative, are even more marked. In 1915, the year of greatest sea- 
sonal rainfall at Amarillo and Akron, they received 18 inches from April to 
August inclusive, Cheyenne 10 inches, and Williston 6 inches. The sea- 
sonal rainfall was respectively 66, 55, and 50 per cent of the annual for the 
year. The year of greatest relative seasonal rainfall was that of 1910 at 
Amarillo, when 90 per cent of the annual rainfall came during the growing 
season. The corresponding values for Akron, Cheyenne, and Williston were 
73, 50, and 70 per cent respectively (figs. 16-19). 

Anticipation of cycles.— Crop production makes much greater demands as 
to the forecasting of rainfall than either grazing or forestry. These deal 
primarily with perennials, and in the case of trees in particular the depen- 
dence upon the summer rainfall is much less marked. As a consequence, a 
knowledge of the probable occurrence of the wet and dry phases of the 22- 
year and 11-year cycles or of the approximate total rainfall for any year is of 
much value. With annual crops the case is very different. While there is a 
general relation between annual and seasonal rainfall, the latter may vary 
between 50 and 90 per cent of the annual, as at Amarillo. Moreover, the 
distribution and timeliness of the seasonal rainfall are even more critical (Ball 
and Rothgeb, 1918:24, 6). It must be frankly admitted that at present 
there are almost no clues to either distribution or timeliness, but this is due 
largely to the fact that their correlations have received almost no intensive 
study. It seems not improbable that the same basic processes of action and 
reaction and of compensating balance apply during the year and season as 
during cycles, and that they must be considered with reference to spatial 
variations as well. It is probable that the most important clue to the annual 
and seasonal rainfall of a particular year lies in the excess-deficit cycle of 2 to 
3 years, which Arctowski has noted in crops and Douglass in trees. The 
assumption that a cycle of similar character may apply to the months receives 
striking confirmation from the studies of Douglas (1919) on the relation of 
weather to business. The general correlations of climate with production 
and prices and the existence of economic cycles have been dealt with by Moore 
(1914, 1917). All of these represent independent investigations and can hardly 
fail to strengthen the view that both long-period and short-period cycles occur 
in crop production (figs. 20 and 21). 

In the endeavor to definitive climatic and production cycles and to discover 
a working basis for their prediction, investigations are under way to determine 
the climates and subclimates of the West on a plant basis. It is hoped to 
ascertain the response to the 22-year, 11-year, and 2 to 3 year cycles in terms 
of tree growth, grass yield, and crop production for different regions, suggested 
by the type or amount of rainfall. It is expected that the general correlations 
between rainfall and production will serve to mark the climates proper, but 
that the latter will show a series of subdivisions leading to restricted localities 
as the units upon which the practical anticipation of rainfall must be based. 
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In any event, it seems clear that the attack upon this vital problem from 
both the intensive and extensive approach will disclose new facts and leads 
and will bring nearer the actual utilization of cycle predictions in crop pro** 
ductions. 



Fig. 20. — Cycles of rainfall in the Ohio valley, and in Illinois, . After Moore, 



Fig. 21. — Cycles in the yield of corn and in the rainfall of its critical period 
of growth. After Moore. 



VI. GRAZING INDICATORS. 

Kinds of grazing. — Grazing practice depends primarily upon the kind of 
stock, the nature of the vegetation, the season, and the degree of control of 
the range. It varies more or less with all of these, but often to a much smaller 
degree than the best management would require. The four kinds of stock 
usually handled, namely, cattle, horses, sheep, and goats, not only have more or 
. less definite preferences as to the type of grazing, but their effect upon the latter 
is also markedly different. In addition, they differ much in herding manage- 
ment and its relation to carrying capacity. With respect to grazing type 
cattle and horses prefer grasses, sheep prefer herbs and weeds, and goats 
prefer shrubs or “browse.” While this distinction is far from absolute it 
marks a fundamental preference upon which the best practice must be built. 
It is the basis of mixed grazing, in which cattle and sheep, or cattle, sheep, and 
goats, are grazed upon a range at the same time. Mixed grazing is especially 
indicated m the ecotone between the chaparral, desert scrub or sagebrush 
and grassland, but it is desirable in practically all associations except such 
pure grass types as the short-grass plains. The maintenance of the proper 
carrying capacity in any type depends upon a knowledge of the difference in 
habits of stock with respect to the closeness and thoroughness with which each 
grazes, the amount of trampling, trailing, etc. 

JJ** j* an dhng of both herd and range depends in the first degree upon the 
season during which grazing is possible or desirable. The time and duration 
of the grazing season are determined partly by the behavior of the natural 
cover and P ai% by climatic conditions, chiefly the cold and snowfall of win- 
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his particular range so constantly overgrassed that no one else will be tempted 
to use it. It is evident that a proper carrying capacity can be redeveloped 
and maintained on such areas only through the assurance of control. This 
has been secured in Texas by the private ownership of grazing lands, while 
in the case of the summer ranges of the national forests it has been provided 
by a system of grazing allotments. For the immense acreage still in the pub- 
lic domain, adequate control can best be obtained by a proper leasing system, 
as is shown in a later section. After the individual stockman has secured the 
exclusive use of his range under proper restrictions as to overgrazing, it is of 
secondary importance whether control is maintained by herding, drift fences, 
or complete inclosure. As will be seen, however, the latter method alone 
permits the maximum conservation and utilization of the natural forage crop. 

GRAZING TYPES. 

Kinds of grazing indicators. — The simplest and most obvious indication of 
a plant community is that which denotes the possibility of grazing. To-day 
this is so axiomatic for grassland and scrub associations as to be entirely taken 
for granted. This has not always been the case, however (Wilcox, 1911: 35), 
and even at present there are forest and serai communities in which grazing 
indicators furnish a decisive test of the desirability of utilizing them. In the 
first instance, grazing types may be grouped as grass, weed, browse, and 
forest, and used to indicate the kind of grazing. The general principle in 
effect here is that a uniform community of grass, weed, or browse indicates 
cattle, sheep, or goats, respectively, while a prairie or a grass-scrub mictium 
or savannah denotes mixed grazing of two or three kinds of animals. The 
most striking and useful indicators are those which have to do with carrying 
capacity and overgrazing. These make it not only possible to measure the 
amount of carrying capacity and the degree of overgrazing, but they also 
reveal any failure to secure proper utilization. In addition, they serve to 
indicate the annual variations in forage production and to permit the cor- 
relation of these with the wet and dry phases of the climatic cycle. They 
likewise disclose the effect of local disturbances, especially those due to rodents, 
and they furnish a means of tracing the effects of eradication. As a conse- 
quence, they afford a complete basis for maintaining a proper balance between 
the utilization and conservation of the range and are of the greatest service in 
developing and applying an adequate system of range or ranch management. 

The grouping of indicator communities as grass, weed, browse, and forest 
(Jardine, 1911) is one of both general and practical value. It permits sub- 
division into as many minor communities as desirable (Shantz and Aldous, 
1917), and the chief consideration is to correlate these as naturally and effec- 
tively as possible. For this, no system approaches in value that of the de- 
velopmental relationship as exhibited in the various climaxes and their sue- 
eessional stages. The climaxes discussed in Chapter IV illustrate the three 
main types, grass, scrub, and forest, while the serai communities and sub- 
dominants frequently exemplify the weed type as well. With reference to the 
grazing value, however, forest and woodland are to be classified on the basis 
qf their undergrowth as grass, weed, or browse. It makes little difference 
practically whether grazing types are first grouped on the basis of their nature, 
as grass, browse, etc., or on that of development, as climax and serai The 
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best system will necessarily employ both, but the vast extent of the climaxes 
and their obvious dependence upon the vegetation-form suggests them as the 
preferred basis. This has the further advantage of making the practical and 
the ecological system the same and of avoiding the confusion which exists in 
forestry, where the practical types and ecological units are often wholly 
different. The developmental method is also desirable in that it furnishes a 
uniform method of dealing with finer and finer divisions upon the basis of 
climate, soil, and region, as well as upon that of ecology and floristic. As all 
of these enter into practice sooner or later, it seems clear that the best treat- 
ment of grazing indicators is that which relates them to the proper formation 
and association. In consequence, the following discussion deals first with 
climax communities as indicators as much the most important, and then with 
the more localized serai communities. In addition, some account is taken of 
artificial communities due to planting or other modification, since it is assumed 
that these will play an increasingly larger part in the grazing industry of the 
future (plate 64). 

Significance of climax types. — The value of the climax community as an 
indicator rests primarily upon the characteristic life-form. This is clearly 
seen in the three types, grass, weeds, and browse, but in the case of forest 
it depends upon the life-forms of the layers and serai stages. Climax forma- 
tions are far more extensive than the developmental stages which occur here 
and there in them. Moreover, such stages are constantly moving toward 
the climax condition, slowly in the case of priseres and rapidly in the case 
of subseres. The climax communities are extensive and permanent, the serai 
ones local and temporary as a rule. As a consequence, the grazing practice 
of large regions must be based upon the indications of the climax formation or 
its subdivisions, while in a particular locality the importance of certain serai 
communities may demand some modification in practice. Apart from the 
vegetation-form as shown in grass, herb, shrub, or tree, the habitat-form and 
growth-form of the dominants must also be taken into account. Communi- 
ties of sod-forming grasses indicate different values and treatment than those 
of bunch-grasses, while there is a striking difference between the associations 
of tail-grasses and of short-grasses. Climax communities of dominant herbs 
do not exist, but prairie and alpine meadow often contain so many mixed 
societies that the grazing value depends largely upon them. The indications 
of shrubs vary with the deciduous or evergreen nature of the leaf, succulence, 
form, ability to make root-sprouts, fruit, etc. The dominant trees of climax 
forest enter the question of grazing very little if at all, and the grazing type of 
each forest is determined by the greater abundance of grass, weeds, or browse, 
finally, the grazing value of a community, and hence its indicator meaning, 
depend greatly upon whether it is pure or mixed. This is partly a matter of 
the relative value of the dominants as forage, and partly of the degree to 
which each is grazed and of its ability to grow and reproduce under the existing 
conditions. Mixed communities greatly predominate, and their utilization 
is determined to a large degree by the kind of mixture. They may consist 
almost wholly of dominants of the same vegetation-form, such as the short- 
glasses of the Bulbihs-Bouteloua plains, or they may contain shrubs and 
grasses, as in savannah. ^ In addition, grassland which exhibits a marked 
development of societies is essentially a mixed community with respect to 
grazing, since it permits selection by cattle or sheep, or mixed grazing by both. 



A. Unis-* 1ypc\ Andropogon-Bulhilib-Boutelona , Smoky Hill Biver, Hays, Kansas. 

B. Weed type 4 , Erigercn, Geranium, etc., in aspen forest, Pike’s Peak, Colorado. 

C. Browse type, Artemisia tridentata , Beulah, Oregon. 
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as well, and that economic considerations give them greater significance in 
this rdle. Our knowledge of the Pacific alpine meadow is too small to enable 
us to draw an accurate comparison with the Petran association. They are so 
nearly alike in the growth-form and genera of the dominants and in the 
number and luxuriance of the societies that they exhibit no clear difference 
in yield per unit area. In spite of this, the Petran association is actually 
very much more important, for it covers an area many times greater, is more 
coherent, and for the most part covered by snow to a less degree and for a 



shorter period. 

The grazing value of the chaparral associations depends largely upon the 
presence of oak, which is usually the most important of the dominants for 
browse. For this reason, the Petran chaparral is usually more important 
than the Coastal, though its value decreases greatly with the dropping out 
of the oak to the northward, just as it increases to the southeast with a larger 
number of species of Quercus. In the sagebrush formation, the Basin associ- 
ation is all-important, the Coastal community being of relatively small extent 
and containing but one or two dominants of value. The differences between 
the associations of the desert scrub are not so clear-cut, but the advantage 
lies in general with the western community, owing largely to the much greater 
number of succulents. The three associations of the woodland exhibit a 
thin ground cover of grass and shrubs, resulting from the combined effect of 
dryness and shade. They produce savannah where they are in contact with 
grassland or scrub, and in such cases possess more or less of the grazing value 
of the latter. The presence of oak gives woodland some value as browse, 
and in this respect the oak-cedar community stands first and the pine-oak 
next. The montane associations differ strikingly in ground cover, the Petran 
having the herbaceous layers best developed, and the Sierran, the shrub 
layer or so-called subclimax chaparral. The former has usually the greater 
importance for grazing, since many of the shrubs of the chaparral are un- 
palatable. The comparative value of the associations of the subalpine forest 
is less certain, but on the whole the Petran has the advantage, especially 
when the serai grasslands are taken into account. 

Consociations as indicators. — The value of the consociation as an indica- 
tor is determined primarily by the life-form. Grassland derives its unique 
importance for grazing from the grass dominants, while the value of scrub 
dominants is much lower and more variable, and that of forest consociations 
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almost wholly dependent upon the undergrowth. In the grassland the chief 
value lies in the consociation, with the scrub in the consociation and its socie- 
ties, and in the forest it lies in the shrub and herb societies alone. Moreover, 
grass consociations are true grazing types, scrub are primarily browse types, 
and forest and woodland are grazing or browse, depending upon the relative 
abundance of herbs and shrubs. Consociations may be pure or mixed, and 
the indicator meaning naturally varies accordingly. While mixed communi- 
ties are the rule, pure consociations are sufficiently frequent to permit the 
determination of carrying capacity, response to overgrazing, and other fea- 
tures which make up the total grazing value. In the case of mixed communi- 
ties the analysis is based upon the normal response of each pure consociation, 
modified by their varying relations to the grazing animals and their com- 
petitive reactions upon each other. In dealing with the actual grazing types 
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of a particular region? pure consociations play an even smaller part on account 
of their relatively small extent. While they are very helpful in ecological 
analysis, they are of little importance in practical management. 

Local grazing types. — While the main grazing types, such as the formation 
and association, indicate the comparative value of great regions, as well as 
the groupings possible in any one> it is the local groupings which determine 
the carrying capacity of a particular ranch and the proper system of manage- 
ment to be employed upon it. For this reason, they may well be termed 
practical grazing types. In areas relatively uniform, a single grazing type 
composed of the two or three major dominants of the association may cover 
a wide extent. This is the case with Stipa and Bouteloua in North Dakota 
and Montana, Bulbilis , Agropyrum, and Bouteloua in the region of the Black 
Hills, and Bulbilis and Bouteloua in Oklahoma and Texas. As a rule, how- 
ever, changes in topography or soil or in the number and grouping of the 
subdominants bring about important changes every few miles, and very 
frequently adjoining sections will be found to have a different grouping or an 
effective difference in relative abundance. Hence, it is clear that the local 
community must determine the careful classification of the land section by 
section, especially with reference to carrying capacity, as well as the method 
of management. For example, while all the climax groupings in the mixed 
prairie resemble each other in structure and treatment much more than they 
do groupings of the true prairie or short-grass plains, they show decisive 
differences among themselves. The carrying capacity and relation to over- 
grazing of the Stipa-Bouteloua community differ from that of Agropyrum - 
Bulbilis , and of both of these from that of Bulbilis-Agropyrum- Bouteloua . 
The marked development of societies reduces the abundance of the dominant 
grasses, and at the same time affects the carrying capacity. The relation 
between the two effects depends upon the degree to which the subdominants 
are grazed, but as a rule they are less palatable than the grasses. Over 
regions of rolling topography, such as prairies and sandhills, the climax 
groupings are regularly interrupted by valley and ridge communities which 
are successional in nature. These are of relatively small extent and may fre- 
quently occur with the climax grouping on a ranch of a section or less in 
extent. In the case of the more level plains, the serai communities are con- 
fined to stream valleys and breaks and cover much larger areas. They often 
serve to mark the distinction between valley and upland ranches. They are 
not confined to one association, but such a grouping as that of the Andropogons 
may be found repeatedly from the true and mixed prairies through the short- 
grass and desert plains. 

The number of such groupings is legion, and the most important occur 
again and again in the region where they are characteristic. They have been 
found in sequence over many thousands of miles in the West, and the most 
frequent and important have been noted in connection with the frequence 
and grouping of dominants under each association in Chapter IV. They are 
of the first importance in determining local variations in grazing value and 
are regarded as the basic indicators to be used in the range survey discussed 
later. As already indicated, the major indication of the grouping must al- 
ways be interpreted in connection with the minor indication of the societies 
present. In its application to grazing at least, the grouping is so important 
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that the need of a more distinctive term is clearly felt, ‘ In m far as grazing is 
concerned, the term grazing type might well serve the purpose, though forma- 
tions and associations, as well as serai communities, are also grazing types. 
The grouping of consociations within the association is typical of all climaxes, 
however, and seems to warrant a special term for those who need a complete 
and detailed analysis of vegetation. After an extended consideration of the 
possibilities, it has seemed desirable to definitize the term facies for sera! 
groupings and to make a new word, faciation , for climax groupings. These 
are derived from the same root, fac f shine, and possess the same basic mean- 
ing, namely, appearance, aspect, or form. The two terms conform to the 
mutual relation seen in associes and association, consocies and consociation. 

Savannah as an indicator.— Throughout the present treatment, the word 
savannah is used for the community which characterizes the ecotone between 
two climax formations. In its most typical expression, it consists of grasses 
and low trees or tall shrubs, and occurs in the hot, dry regions of the South- 
west. Other communities are so similar that it is impossible to exclude them, 
and hence open pine forest and woodland with a grass cover are also called 
savannah. Closely related to these are the so-called natural parks of the 
Rocky Mountains in which serai grassland is surrounded and more or less 
invaded by trees. Such parks occur in both the montane and subalpine zones. 
When the ecotone lies between forest or woodland and scrub, the general 
ecological relations are similar to those of savannah, but the grassland is 
replaced by sagebrush, chaparral, or desert scrub. The trees stand more or 
less scattered in the scrub, and the indications of the community are primarily 
those of the latter. The failure to recognize this similarity to savannah has 
led to confusion with reference to the distinctness of the scrub climaxes in 
rough regions where they are interspersed with trees. Savannah has been 
so generally linked with the presence of grasses that it seems unwise perhaps 
to broaden its meaning to include areas of scrub with taller trees, and conse- 
quently the word park has been used for the latter. Thus, a sagebrush 
savannah is one in which sagebrush is scattered through grassland, while 
a sagebrush park is a community in which sagebrush is surrounded and 
more or less invaded by trees or tali shrubs. 

In their typical form, both savannah and park are controlled by the grasses 
or scrub, and the trees are more or less incidental. The transition to forest 
or woodland is usually gradual, and it is impossible to draw a sharp line be- 
tween the two. However, it is a simple matter to distinguish the general 
areas from each other. As long as the trees or shrubs are far enough apart 
so that their shadows do not touch, the grassland or scrub remains in control. 
When they are sufficiently close to have their shadows overlapping during 
most of the day, the grass or scrub dies out for lack of sun, or persists only in 
small groups of much modified individuals. Tree and scrub savannah often 
cover extensive areas to which they give the appearance of open woodland, 
but the true nature of the community is indicated by the continuous carpet of 
glass, which serves as the indicator. Sagebrush and chaparral parks are 
usually more local, and they quickly pass into woodland on the one hand and 
scrub on the other. They recur constantly, owing to the relatively small 
difference in requirements between shrubs and small trees. Savannah proper 
is probably due to the effect of climatic cycles and is thought to serve as an 





A. Savannah cf desert scrub, Flourttta'm-Lanra-Proaopia, and desert plains glasses, IJottlrloim 

gra cilia, criopoda , ami racemose \ r an Horn, Texas. 

B. Bum park in subalpine forest, Uneompabgre Plateau, Colorado. 

C. Burn park of Wyclhia and Arlcmiaiu in cdiaparral, Logan, Utah. 
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indicator of the wet phase of the cycle. The control of the grasses is so com- 
plete that the additional water-content necessary for the germination and 
establishment of the trees or shrubs is present only during the maximum of the 
wet phase, often only a single year. Once established, and with their roots 
at greater depths than those of the grasses, the trees or shrubs persist indefi- 
nitely. During succeeding wet phases they tend to increase in number, while 
in critical drought periods the number may be reduced, as is regularly the 
case where fires are frequent. Counts of the annual rings of a number of 
shrubs in different savannah areas confirm the view that ecesis is normally 
confined to wet phases of the climatic cycle (plate 65). 

The indicator significance of savannah or park naturally depends upon the 
kind and the region, as well as upon the dominants. The best examples of 
tree savannah are to be found along the line of contact of forest or woodland 
with grassland. Oak savannah is the most common, occurring typically in 
central Texas, in Arizona, New Mexico, and Mexico, and in California and 
Lower California. Savannah in which yellow pine is the tree is frequent 
along the lower edge of the montane forest, where it extends out upon plateaus 
or plains. It is well-developed in northern Arizona and New Mexico, but is 
most extensive on the low ranges and high plains east of the central Rockies 
and around the Black Hills. Both pinon and cedar form savannah, but the 
latter is much more frequent and extensive. Typical scrub savannah is 
largely confined to the Southwest, ranging from Texas through southern New 
Mexico and Arizona, and northern Mexico. Its most characteristic shrub is 
mesquite, Prosopis juliflora, but Yucca, Acacia , Ephedra, and other domi- 
nants of the desert scrub occur frequently. Owing to its habit of growing in 
clumps or groups, chaparral tends to form grassy parks rather than typical 
savannah, especially along the edge of the Petran association. Sagebrush 
extends into several of the grassland associations to form what is essentially 
sagebrush savannah, though its low stature tends to obscure the exact re- 
lation. This is especially true where it meets the tail-grasses, as in Wyoming 
and Oregon, but the savannah nature is obvious where tall sagebrush is 
scattered through short-grass, as in southeastern Utah. 

Parks differ from savannah chiefly in that the two communities concerned 
mix by alternating groups or areas rather than by scattered individuals. 
Excellent examples of grass parks occur in the subalpine forests of Colorado, 
where spruce and balsam inclose extensive meadows of Festuca , dotted with 
groups of young conifers or aspens. Somewhat similar parks occur at timber- 
line, where the forest breaks into groups which extend well up into the alpine 
meadows. Sagebrush parks occur most commonly in the lower subclimax 
portion of the woodland zone, while sagebrush areas dotted with groups of 
lodgepole pine or aspen are frequent on the western slope of the Rocky 
Mountains in Colorado and Wyoming. Chaparral parks are best developed 
in California, especially in the case of subclimax chaparral in the pine forest 
and where the climax type meets the pine-oak woodland. In the Rocky 
Mountain region they occur chiefly as scrub openings in the pinon-cedar or 
oak-cedar woodland. 

Savannah and park are alike as indicators in that they denote a transition 
from one community to another. They differ for the most part in that savan- 
nah is an indicator of climate, and park usually of local or edaphic conditions. 
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Savannah has to do with the relations of two contiguous climaxes, and park 
with that of a subclimax to its climax. The former is a permanent condition, 
varying more or less under the influence of the wet and dry phases of climatic 
cycles, while the latter is usually a temporary community, occupying its 
proper place in prisere or subsere, and passing ultimately into the climax. 
Hence, the indicator values of different types of parks are dealt with in the 
next section, "while those of savannah are considered here.. True savannah 
has value as an indicator of climate as well as of practice. It not only 
indicates a transition between the climates of the respective climaxes, but 
also serves to record the course of the climatic cycle. ^ The amount to which 
it increases its area and density under the same conditions is a measure of the 
effect of the wet phase, and the dying-out of individuals, of the dry phase. 
Such measurements are possible only under control, however, owing to the 
almost universal disturbance of fire or overgrazing. 

Kinds of savannah.— With reference to practice, savannah indicates the 
general possibility of agriculture. For the most part, this is of the dry- 
farming type, though in central Texas it indicates humid or subhumid farm- 
ing, and in California farming by means of drought-evasion. With respect 
to grazing, the indications of savannah depend primarily upon the grass 
dominants. In fact, the indicator value of savannah is essentially that of 
the grassland community, unless the trees or shrubs are sufficiently close to 
reduce materially the amount of grass. When the shrubs themselves have 
distinct value as browse, the carrying capacity becomes greater than that of 
the grassland alone, and mixed grazing is also favored. The yellow pine 
savannah of the Black Hills and eastern Rocky Mountain region occurs in 
the mixed prairie, while in the Southwest it lies in the short-grass association. 
In both cases, the grazing value of the grassland is practically unchanged, 
except for some reduction in cover just beneath the trees. Pine savannah 
also occurs along the upper edge of the bunch-grass prairie, but it is rarely 
extensive here. Cedar savannah is found chiefly in the short-grass com- 
munity, but is frequent also in the desert plains and mixed prairies. Where 
the cedar is low, it materially reduces the total carrying capacity, though this 
is often offset by the presence of browse shrubs. Mesquite savannah lies 
typically in the desert plains, though the mesquite itself extends northward 
into the short-grass association of the Staked Plains. The shrubs have little 
effect upon the amount of grass, and they change the indications of the com- 
munity only to the extent that they are valuable for browse. Toward the 
lower edge of the savannah the shrubs become denser as they pass into the 
desert scrub, and the grassland rapidly decreases to the point of disappearance. 
Oak savannah may be of the tree or shrub type. The latter is most typical 
on the plateaus and mountain ranges of southwestern Texas, New Mexico, 
Arizona, and Mexico, where it is formed chiefly by live-oaks. It lies in the 
desert plains grassland, or in the Androjpogon zone just above.' The grazing 
value clue to the grasses is greatly increased by the abundant browse, and 
such savannah may well be regarded as one of the best of all grazing types, 
owing to the assurance it gives against drought in connection with mixed 
grazing. Tree savannah consisting of oaks usually has little or no browse 
value, and its indication is essentially that of the grass community in which 
it is found, with some reduction caused by shading. In California, the 


fS> V ifllf 

I 

Ip ; 

' ■ V&# 


A. Gniss park of Eh/m as and Aijrapi/rum arising from sagebrush, Boise, Idaho. 

B. Sagebrush dying out as a result of competition with Acp'opynutp Craig, Colorado, 
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original Stipa bunch-grass prairie has been almost wholly replaced by the 
wild-oats, Avena fatua , and the latter determines a relatively lower value for 
the community. The sagebrush savannah so characteristic of northeastern 
Wyoming lies in the edge of the mixed prairie, and the sagebrush is chiefly 
associated with Stipa, though Agropynm and Bouteloua are also present to a 
large degree. The relative abundance of grass and sagebrush varies widely, 
and the indicator value of the mixture in accordance. Since the sagebrush 
is eaten to a much less degree during the summer, the carrying capacity is 
somewhat reduced, though this is partly compensated by its availability 
during the winter. 

Savannah in relation to fire and grazing —The general view in the Southwest 
is that mesquite and oak savannah are limited or destroyed by fire and that 
they have spread rapidly in recent years, since the annual burning has ceased 
(Cook, 1908). In the absence of definite measurements, many of the state- 
ments can be accepted only in part, though the general relation to fire seems 
evident enough. Tree savannah appears to be affected little by burning, 
except that this must have been a powerful factor in spreading the annual 
Avena in California at the expense of the perennial Stipa. The effect of fire 
upon scrub savannah depends upon a number of factors, chief among which 
are density and height of both shrubs and grasses, the ability of the shrubs 
to form root-sprouts, and the frequency of fires. It seems certain that an- 
nual fires in scrub savannah that is densely covered with tail-grasses would 
destroy the shrubs completely in a few years, no matter how great their ability 
to form root-sprouts. Less frequent burning of open savannah, in short- 
grass especially, would damage the shrubs much less and might well increase 
their control by promoting root-sprouting. Moreover, in the more xerophy- 
tic grasslands, frequent burning during dry seasons injures the grass and 
would tend to favor the shrubs in consequence (plate 66). 

The general effect of grazing is to increase the shrubs at the expense of the 
grass. As has been seen, savannah owes its character to a dry climate in 
which the ecesis of shrubs is regarded as usually possible only during the wet 
phase of the cycle. This means that shrubs and grasses live constantly under 
keen competition for water, and that anything which reduces the amount of 
grass will be to the advantage of the shrubs. Since grasses and herbs are 
usually eaten to a much larger degree, intensive grazing, and especially over- 
grazing, will reduce their hold upon the soil and correspondingly improve 
conditions for the spread of shrubs. The seeds of the mesquite and other 
shrubs are widely scattered as a consequence of being eaten or through unin- 
tentional carriage, and the seedlings are more readily established in areas 
where the hold of the grasses has been weakened. The local spread of the 
scrub clumps is chiefly by means of root-sprouts and is promoted by light 
browsing, but restricted by heavy browsing. Thus, while savannah is pri- 
marily an indicator of climate, its secondary indication is one of grazing and 
absence of fires, upon which its practical utilization must be based. As sug- 
gested in a later section, this can be done readily only after quadrat measures 
have .made clear the exact behavior of savannah under different methods of 
burning and grazing. 

Significance of serai types, — While serai communities are temporary in 
comparison with climax ones, many of them persist for tens or even hundreds 
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of years, and in actual practice may be regarded as permanent. The great 
majority of them result from disturbance, however, and last for a period of a 
few years, or at most for a decade or two, unless the disturbance m continuous 
or recurrent. In addition, they show rapid changes of population from year 
to year. Such communities are usually local and of small extent and have 
resulted from fire, overgrazing, or cultivation. They belong to secondary 
successions or subseres in contrast to the larger and more permanent com- 
munities which constitute stages in the primary succession or prisere. These 
distinctions apparently disappear in the case of great stretches which are kept 
more or less permanently in the lodgepole or aspen community as a consequence 
of repeated fires, or in the Aristida or Gutierrezia stage as a result of continued 
overgrazing. Even here, however, the differences in the kind and rate of 
development are of great practical value in determining the proper manage- 
ment. As a consequence, it is desirable to distinguish serai communities as 
indicators upon the basis of primary and secondary succession, and then to 
deal with the indicator value of the respective dominants. Each of these is 
known as a consocies when it is controlling, and corresponds with the con- 
sociation among climax types. Two or more consocies regularly occur to- 
gether to constitute a particular stage or associes, while their subdominants 
are known as socies, which correspond with the societies of climax communi- 
ties. A complete treatment of serai indicators is neither possible nor desirable 
at present, but the following account will serve to illustrate all the important 
types. 

Prisere communities as indieators.—The four great types of primary suc- 
cession are those which start in initial bare areas of water, rock, dune-sand, or 
saline lake or basin respectively. The initial communities and some of the 
medial ones may be used as negative indicators, denoting that conditions 
have not reached the point where they can support a plant cover of such 
density or quality as to furnish grazing. The later communities, and espe- 
cially the subclimax one that immediately precedes the climax, form a more 
or less complete cover in which grasses or shrubs are usually in control. The 
density of the cover and the quality of the grazing increase more or less 
regularly from the medial stages to the climax, and the position of a particular 
community in the sere indicates its value in a general way. 

The most important serai indicators of grazing are the later stages of the 
priseres in dunes and sandhills, in bad lands and in salt basins. These often 
cover many thousand square miles and frequently occur in agricultural 
regions, where the indicator distinction between grazing and farming land is 
especially important. In addition, there are the sedge and grass meadows 
which are stages of the hydrosere, and are often characteristic of mountain 
parks in the montane and subalpine zones. Grassland and scrub also develop 
in rock fields and on talus slopes where the formation of soil is not too slow. 
While such parks and gravel-slide areas often afford excellent grazing, they 
are usually both local and relatively small and serve chiefly to increase the 
grazing value of the forest areas in which they occur. 

Of all the prisere communities, those of sandhills and dunes are probably 
the most widely distributed and most important. They have been found and 
studied in each of the 16 Western States, where they may occur as sandhill 
regions of large extent, as river dunes or ocean dunes. The most extensive 


A. Semi stages in sandhills, the subelimux grasses A mlropogon. and Cahmiorilfa, Agate, 

Nebraska,. 

B. Serai stages in bad lands, Atrlplex corrugaia, nutlallii , and canfcrfifolia the ehief domi- 

nants, Cisco, Utah. 
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sandhill areas occur in Nebraska, Kansas, and Colorado, though they are 
scattered throughout the grassland climax from North Dakota to Texas and 
New Mexico. Such areas differ from dunes chiefly in extent and complexity, 
and in the fact that they are no longer connected with an active shore-line 
from which the sand is derived. They are essentially stable dunes with blow- 
outs as characteristic features, and for the most part they exhibit subclimax 
communities. The succession in sandhills and dunes is practically identical 
for the same climax, but differs greatly between climaxes, especially in the 
later stages. The largest and most important sandhill region is that of cen- 
tral Nebraska, which covers an area of about 20,000 square miles. It has 
received much study during the past 30 years, and the ecological results have 
been summarized by Pool (1914) in a monograph on their vegetation. The 
typical community of the sandhills is the bunch-grass subclimax, consisting 
of Andropogon hallii and A, scoparius . The blow-sand condition, typical of 
blowouts especially, is indicated by Redfieldia , Psoralea, and Petalostemon , 
which have little or no grazing value. More stable conditions are denoted by 
Muhlenbergia and Calamovilfa , and these are correlated with increasing graz- 
ing value. The next stage is that of the Andropogon subclimax, which pos- 
sesses a much higher value. By the entrance of Stipa and Koeleria , the bunch- 
grass subclimax passes into the true prairie, while in the western portion the 
invasion of Bouteloua and Bulbilis indicates the appearance of the short-grass 
climax, or of mixed prairie when Stipa and Agropyrum occur also. The hydro- 
sere is a regular feature of the innumerable wet valleys and of the extensive 
lake region. The first community to indicate grazing is composed of rushes 
and sedges, and this changes slowly into the typical meadow associes of 
Agropyrum, Andropogon, Elymus, Panicum, and Spartina, which is essentially 
an extra-regional portion of the subclimax prairie. , The grazing value of 
such a group of dominants is obvious, but in practice such meadows are used 
for hay, since the hills furnish ample summer grazing (plate 67). 

Like the sandhills, bad lands are found throughout the West. Massive 
bad-land complexes are most typical of the States which touch the Black 
Hills, but they are frequent also in practically all those along the Rocky 
Mountain axis, while outlying areas of much interest are found in Texas, 
Oregon, and California. The actual communities of the sere likewise differ 
with the climax. The two most important seres are the xerosere of the 
Tertiary bad lands in the Great Plains region of the grassland climax, and the 
halosere of the Great Basin sagebrush climax. The former possesses a num- 
ber of herbaceous stages which have an increasing value for sheep-grazing as 
they become denser, but grazing proper is indicated only when Agropyrum 
becomes abundant. Bouteloua and sometimes Bulbilis also enter somewhat 
later to form mixed prairie, and the latter then becomes definitely constituted 
by the appearance of Stipa . The lower valleys are often controlled for a time 
by sagebrush, but this ultimately yields to the grasses. The juxtaposition of 
weed, grass, and sagebrush types indicates the value of bad land areas for 
mixed grazing, and suggests the importance of hastening the course of suc- 
cession in them. The bad lands of the sagebrush climax are characterized in 
the intial stages by colonies of halophytic annuals, which have some grazing 
value where they make a definite cover. The first stage of much importance 
is formed by the low perennial species of Airiplex, such as A . nuUallii , A, 
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corrugata, and A. pabularis. These are followed by Atriplex confertifolia and 
Grayia, which furnish forage of much better quality and larger amount, and 
these are finally invaded by Artemisia tridentata to form the mixed or' pure 
grazing type so characteristic of the Great Basin and its outlying regions. 
In the bad lands of the Painted Desert in northern Arizona, the general course 
of the sere is much the same, but the grasses replace Atriplex. The normal 
sequence in the subclimax stages is the replacement of Sporobolus air aides by 
Hilaria jamesii, and this by Bouteloua, often with Muhlenbergia also. The 
course of development in the halophytic bad lands is essentially a part of the 
widespread succession in saline basins, except that the latter often begins in 
water. Shantz (1916:233) has indicated the course of the succession in 
detail, and it must suffice to point out that the first important indicators of 
grazing are usually scrub dominants, Sarcobatus and Atriplex. Some of the 
playas of the Southwest are intensely saline, and show essentially the same 
communities, but the majority are secondary in nature and belong to the 
subsere. 


Subseie communities as indicators. — Subseres are developed in secondary 
areas, such as are regularly produced by fire or cultivation. They occur also 
m other bare areas in which the disturbance is not sufficient to destroy the 
sod or to make extreme conditions for ecesis. They are a constant feature of 
overgrazing and a normal consequence of the presence and activity of man 
They are usually local and of small extent, but in the case of fire they may 
occupy hundreds of square miles. The successional movement is normally 
rapid but its progress may be slowed or stopped by the recurrence of the 
disturbing agency. When this is the case, the area concerned may be held 
more or less permanently in a subclimax or other serai stage. The most im- 
portant and extensive subseral communities are those due to fire The con- 
sequences of overgrazing often cover great stretches, but the actual com- 
munities change more or less, or they are much interrupted. Those due to 
cultivation are usually confined to fields, though many of the dominants 
become extended to roadsides, and some even enter the natural vegetation. 
While they often have grazing value, it is incidental and temporary and their 
c lef value lies m connection with utilization as supplementary forage crops, 
as already indicated for Salsola, Helianthus, Melilotus, and others (plate 68). 

Cei„am grasses, such as Poa, Avena, and Bromus, have become widespread 
dominants as a consequence of the combined action of two or more agencies 

B nlcm C ete AV mc a bh . e s P ecies concerned, A.fatua, B. tedorum, 

geneml result of thr 11 ^^ wblc hbave 5 e P Iaced the native dominants as a 
grasses w il l combl f d eftec .t of overgrazing and fire. As annual 
glasses, these should have a low grazing value, but this is much less true of 

Atena than Bromus, owing largely to the difference in size and habit Even 
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Poa is not a true serai consocies, such as the annual Avena and Pronins. 
Among other such consocies of importance are Plantago patagonica , Poriu - 
bca oleracea , Boerhavia torreyana , and Polygonum aviculare * These are all 
indicators of disturbance, particularly overgrazing, but in the green condition 
they also have more or less value as indicators of an available weed type. 
Other indicators of disturbance are represented by such plants as Hilaria 
mutica , Scleropogon brevifolius , Franseria , and Bulbilis. These occur in playas 
or “swags” which are subject to flooding and in which a thin annual layer of 
silt is often deposited as well. The first two are commonly associated, partly 
owing to the fact that the disturbance of the Hilaria consocies by trampling 
and overgrazing favors the spread of Scleropogon . Tobosa swags are typical 
serai areas in the desert scrub as well as in the zone of savannah which lies 
between this and the desert plains. In the latter particularly, Hilaria is a 
characteristic subclimax, in which Scleropogon is usually an indicator of 
grazing disturbance, frequently with a similar associate, Sporobolus auri- 
culatus . Hilaria is an indicator of summer grazing, while the other two are 
rarely grazed except under drought conditions. The playas of the southern 
Great Plains are marked by a similar subsere, in which Franseria is the im- 
portant early stage and Bulbilis the subclimax. Both of these are grazing 
’ indicators, though the value of the Franseria is relatively small (plate 69). 

‘ Fire indicators and grazing — The typical indicators of fire are trees and 
shrubs, and they may have a direct or indirect relation to grazing. The 
indicators may themselves be browsed, or they may be associated with layers 
oj£ herbs or shrubs which furnish feed. Grasses and other herbs may indicate 
fire, but are usually associated with woody indicators or their relics. The 
i&ost important “burn” communities are pine forest, aspen woodland, chap- 
Jrral, and savannah. In addition, there are grass and sagebrush parks which 
Also represent subseres initiated by fire. Savannah has already been con- 
fsidered, while the grazing value of grass parks is obvious. Sagebrush and 
chaparral arc primarily browse types, though they contain a larger or smaller 
amount of grass or herbs as well. When young, aspen woodland furnishes a 
large amount of browse, but it is chiefly valuable for the more or less luxuriant 
ground cover. This changes with the course of succession from firegrass, 
fireweed, and other pioneers to the characteristic mixed layer communities 
of the mature aspen subclimax. The latter exhibits three chief grazing types, 
herb, grass, and shrub, of which the first is the most common and the second 
the most valuable. The pine communities which regularly indicate burns are 
lodgepoie and knobcone forests. The subclimax of lodgepole, Pinus contoria , 
is much the most extensive and important, occurring in 1 both the montane 
and subalpine zones of the Petran and Sierran regions. The community of 
knobcone pine, Pinus aiienuaia , is a similar fire subclimax, but it is confined 
to ..southern Oregon and California. In the Rocky Mountains, the mature 
lodgepole forest is almost completely without a ground cover, and hence pos- 
1 sesses almost no grazing value. In its earlier stages, herb and grass associes 
\ are, well-developed, and for a time aspen scrub may form a typical stage. In 
■’the Coast forest, Pseudoisuga and Larix are fire indicators and their commu- 
nities exhibit herb and shrub layers in the early stages especially. 
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CARRYING CAPACITY. 


Nature and significance.. — The practical measure of the value of a range is 
its carrying capacity. By this is meant the number of animals which can be 
grazed upon it, expressed in terms of unit area, such as the number of head 
grazed upon a section (840 acres), or the number of acres required to support a 
single animal It is usually expressed in terms of cattle as a basis, though it 
is better to indicate it in terms of the animal to which the range is best adapted, 
especially in the case of mixed grazing. As used at present, carrying capacity 
is only a relative measure of the food value of a range orType. This is due to 
several facts which introduce elements of uncertainty. Few grazing types are 
uniform, either in density or composition, and the utilization of any dominant 
depends to a great extent upon its associates. Even greater variation in 
carrying capacity results from annual fluctuations in rainfall. On the animal 
side, each kind of stock has its own preferences, as that of cattle for grass and 
sheep for herbs, while horses and sheep utilize a forage cover much more 
completely than cattle. Similar great differences result from the methods of 
handling stock, especially with reference to the manner of herding by ages or 
classes, or in the open or band system, with respect to water, salting, etc. 
Carrying capacity may vary significantly with the breed of stock, and it is 
obviously affected by winter feeding in regions of year-long range. Finally, 
perhaps the largest element of uncertainty lies in the great variation in the 
size and condition of stock when turned off of the range. As a consequence, 
it is clear that more exact measures must be introduced, which will permit an 
accurate comparison of different ranges and at the same time furnish a gui/dt 
to the varying conditions of the same range. The Forest Service (JarAdin* 
and Hurtt, 1917) has already done much in this connection, especiah^y with 
respect to the extensive measurement of carrying capacity, while the" J office of 
Dry-Land Agriculture (Sarvis, 1919) has developed a basic method of inten- 
sive measurement. By the proper combination of these two met : -hods, it will 
be possible to secure an exact measure of the carrying capacity c all grazing 
types, as well as of the fluctuations from year to year and up *der different 
kinds of management. y 

Determining factors.— With respect to the plant cover alone the carrying 
capacity of a grazing type is summed up in the total amount of tt ie annual crop 
of forage. But the total yield must be interpreted in terms * of value and 
utilization. Hence, it is necessary to take into account the coi, nposition of 
the type, the payability and nutritive value of the dominant 's and sub- 
dominants, the duration and timeliness of the grazing season, and the effects 
of the climatic cycle. Most of these factors are susceptible of exact \ measure- 
ment, particularly the structure and yield of each type, the chemici d com- 
position of the dominants, and the response to annual variations in raiAnfall. 
Their practical significance, however, is subject to the test of actual A * 
ing, and hence it is imperative to take into account the relation of ea 
the type of grazing indicated by the community. All of these rela^fflre »’ 
summed up in grazing management, in which the kind of stock, fEe organ!- t 
zation of the range, and the method of handling are the determining factors. 
These are determined by the kind and amount of the annual yield of forage, 
and in turn react decisively upon it. They are considered briefly in the fol- 



A Tobosa “swag,” Hilaria and Scleropagon, subelimax to desert plains grassland," latf 
Cm ees, New Mexico. 

B. Playa in the Bulb ills subelimax stage, the old shore-line marked by Euphorbia, Texhoma 
Oklahoma 







CABRYING CAPACITY. 


285 


Iomn g paragraphs, while their part in overgrazing is discussed in the next 

3S and - theU ' reIatl ° n t0 ^creased carrying capacity under that dealing 
witn range improvement. 

Relation to communities and dominants.— The general value of climax 
and serai communities as grazmg indicators has already been discussed. This 
is related directly to the carrying capacity, which is determined by the nature 
ancI subdommants and their groupings. The value of a 
dominant is determined primarily by its total yield, payability, and nutri- 

dominan u 1 M ^ fasMon * associated 

dominants. In fact, palatability is regularly the controlling factor, since a 

grass of high yield and nutrition content may remain untouched in a com- 
munity of more palatable species, while it may be completely utilized when 
forming a pure community or in the absence of more succulent forage. Thus 
the question of relative palatability becomes of the first importance in the 
study of overgrazing and of range improvement. It varies with the kind and 
breed of stock, with the phases of the climatic cycle, and with the year or 

With respect to total yield, the relative importance of dominants may 
be best illustrated by the grassland climax. The tail-grasses produce more 
forage than the short-grasses, and the sod-grasses more than the bunch- 
grasses; but a tall bunch-grass, such as Agropyrum spicatum or Andropogon 
naim, may yield more heavily than a short-grass like Bouteloua gracilis, though 
the latter is more palatable and hence more completely utilized. A short- 
grass lik eBulbihs, which forms a compact turf, has a higher carrying capacity 
than Bouteloua gracihs with an open turf, while the latter excels the more 
open R. enopoda as well as the bunch-like B. rothrockn. A mixed community 
of tall- and short-grasses has much the highest carrying capacity of all and of 
these the most productive is one in which the lower layer is Bulbilis. Sub- 
dominants which approach the grasses in palatability have a similar r61e in 
increasing carrying capacity, but the great majority are less palatable and 
decrease the yield in proportion to their luxuriance. Grasses also affect the 
carrying capacity by virtue of different times of development. A community 
which contains Siipa spartea or comata permits earlier grazing than others 
vmile a mixed prairie with Siipa, Agropyrum, and short-grasses not only 
affords the longest season, but likewise the most continuous production of 
forage. The relative yield of tall- and short-grasses is also affected by the rain- 
fall of wet and dry periods. The yield of tail-grasses seems to be reduced 
proportionately more than that of short-grasses by a drought period and is 
correspondingly greater during a wet period (plate 70). 

The relation of grouping to palatability is perhaps best seen in the mixed 
prairie and true prairie, though it exists in all communities where two or more 
dominants differ in this respect. In general, Stipa comata is most readily 
eaten, Agropyrum glaucum slightly less so, and Andropogon scoparius little or 
not at all, when they occur in mixture or as alternes. As a consequence, Stipa 
is often eaten out or kept down to such an extent that it fails to fruit. In its 
absence Agropyrum bears the brunt of the grazing and sooner or later decreases 
to a marked degree, thus making the short-grasses more available. In spite of 
their high value, the latter are less succulent and seem to be less palatable 
during the growing season. It is only after Stipa and Agropyrum have dis- 
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appeared and the short-grasses have been grazed closely that Andropogon is 
brought into requisition. Under such conditions, which obtain frequently 
during drought periods, it is grazed fully as closely as the other grasses are 
normally. In ordinary years a similar result can be secured by burning the 
dead stems and keeping the bunches grazed while they are green. The 
relation of Koeleria to its associates is less clear, yet the fact that it is often 
present but rarely dominant, combined with its early growth and succulence, 
suggests that it resembles Stipa in being grazed heavily. 

With reference to the dominants, conditions are similar in the true prairies, 
except for the absence of the short-grasses. Differences in palatability are 
expressed chiefly in the emphasis of the subdominants, with the result that 
they often exceed the grasses in total yield. Practically all the herbs are 
inferior to the grasses in palatability, and they are lightly grazed as a rule, 
until the grasses have begun to disappear. Various stages of this process are 
seen in pastures, the more palatable species dropping out first, followed by 
those less and less palatable until only the most unpalatable ones, such as 
SoUdago, Artemisia, Verbena, etc., remain as indicators of overgrazing. The 
desert plains have a large number of dominants and a corresponding number 
of groupings. As a consequence, differences in palatability play a decisive 
part in them also. The species of Bouteloua are most readily eaten, those of 
Arisiida less readily; while Andropogon and Heteropogon are eaten little or not 
at all until the supply of the others runs low. As a result, the presence of 
Arisiida and Heteropogon serves to indicate overgrazing of Bouteloua , while 
their increase may be used as a measure of the degree. 

Nutrition content.— A scrutiny of the following tables will show that differ- 
ences in palatability are much more important than those of nutrition content, 
as shown by the chemical analysis of dominants and subdominants. It is 
surprising to find some grasses which ordinarily are grazed little or not at all 
possessing as high a nutrition content as the best species of the range. It is 
equally surprising to find that many annuals possess apparently a higher 
nutritive value than related perennial species of much greater grazing 
value. The native grasses have much the same composition as the cultivated 
ones, while the sedges run higher in protein and carbohydrates than the 
grasses. The rushes have about the same protein content as the sedges, but 
are slightly higher in carbohydrate. The legumes, other herbs, and dieotyl 
shrubs are the highest in protein, and low in crude fiber, while the shrubs 
contain as a rule the species of highest fat content. The emergency forage 
plants, such as Dasylirium, Nolina , and Yucca, are lowest in protein and high- 
est in crude fiber. The cacti are lowest in crude fiber, low in protein, highest 
in^ash, in starch, sugars, etc., and in the water-content of the green plants. 

The data in the tables below have been gathered chiefly from the following 
sources: Cassidy and O’Brine (1890), Shepard and Williams (1894), Shepard 
and Saunders (1901), Knight, Hepner, and Nelson (1905, 1906, 1908, 1911), 
Kermedy and Dmsmore (1906, 1909), Griffiths and Hare (1907), Vinson (1911), 
Griffiths (1915), and Wooten (1918). The table of the average composition 
of different groups of plants is from Knight, Hepner, and Nelson (1911: 12), 
avera S e digestion coefficients from Kennedy and Dinsmore 

(1909: 35). 



A. Mixed turf of 1 all-giass [Agropunun ) andsliort-iirass s B uthilt* i, Winner Soufh Dakota. 

B. Pure turf of short-grass t Hnlbilii s), Ardmore, South Dakota. 
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Grasses. 


f 

( 

| Species. 

s 

Ash. 

Ether 

extract. 

Crude 

fiber. 

Nitrogen- 

free 

extract. 

j 

Protein, 


p, ct 

p. ct. 

p. ct. 

p. ct. 

p. ct. 

Agropyrum eaninum 

4.73 

2.00 

36.15 

48.58 

8.56 

glauoum 

8.23 

2.90 

34.30 

44.92 

9.65 

scribneri 

3.86 

2.99 

31.26 

52.12 

9.77 

spicatum 

9.90 

3.02 

30.84 

50.09 

6.15 

Agrostis alba 

11.40 

1.61 

32.17 

47.82 

7.00 

hiemalis 

7.21 

3.34 

31.84 

49.54 

8.07 

Andropogon furcatus 

6.66 

3.19 

33.81 

49.35 

6.99 

hallii 

6.52 

1.97 

3S.70 

44.87 

7.94 

nutans 

6.94 

1.70 

37.84 

49.54 

4.17 

saceharoides ....... 

7.16 

1.64 

36.78 

48.00 

6.42 

scoparius 

6.05 

2.29 

34.39 

51.31 

5.96 

sorghum halepense. 

6.33 

3.01 

32.36 

44.13 

14.17 

Aristida calif ornica 

8.05 

0.90 

34.50 

50 . 54 

6.01 

divaricata 

7.20 

2.55 

34.89 

49.71 

5.85 

purpurea longiseta 

8.10 

1.42 

36.87 

46.18 

7.43 

micrantha .... 

9.11 

2.01 

28.24 

55.36 

5.28 

basiramea. 

10.09 

2.29 

16.28 

67.28 

4.06 

A vena fatua 

8.25 

3.18 

30.55 

50.95 

7.07 

Bouteloua bromoides 

7.64 

1.87 

30.94 

54.84 

4. 71 

eriopoda 

10.27 

1.74 

33.92 

48.76 

5.31 

gracilis 

4.86 

1.43 

34.68 

50.79 

8.24 

hirsuta 

11.07 

2.59 

34.97 

45.10 

6.27 

racemosa 

9.63 

1.94 

32.86 

49.23 

6.34 

rothrockii 

6.53 

1.58 

36.67 

50.55 

4.67 

aristidoides 

6.84 

2.12 

35.11 

46.96 

8,97 

polystachya 

10.07 

1.90 

30.90 

42.00 

9.80 

Bromus ciliatus 

7.68 

2.21 

35.23 

43.94 

10.94 

inermis. 

6.21 

2.71 

29.50 

52.11 

9.47 

marginatus 

7.39 

1.79 

35.80 

44.68 

10.34 

hordeaceus 

11.15 

4.95 | 

29.91 

38.28 

15.71 

maximus 

9.51 

2.89 

28.66 

49,88 

9.06 

rubens 

4.16 

2.07 

33.24 

55.00 

5.53 

tectorum 

23.96 

3.56 

24.11 

29.86 

18.51 

Bulbilis dactyloides 

10.51 

2.11 

25.29 

54.74 

7.35 

Calamagrostis canadensis 

6.92 

2.15 

34.92 

46.88 

9.13 

purpurascens 

4.34 

2.35 

35.52 

49.29 

8.50 

Calamovilfa longifolia 

6.39 

1.82 

! 39.59 

46.14 

6.08 

Cenchrus tribuloides 

10.90 

2.15 

16.69 

83.62 

6.58 

Chloris elegans . 

12.93 

! 1.96 

32.19 

42.44 

10.48 

Dactylis glomerata 

10.68 

3.45 

27.24 

44.53 

14.10 

Danthonia intermedia 

4.68 

2.56 

18.71 

i 64.57 

9.48 

Deschampsia caespitosa 

7.21 

1.57 

35.75 

i 47.84 

7. 03 

Distichlis spicata * 

10.66 

2.15 

29.06 

t 49.50 

8.83 

Echinochloa crus-galli 

9.96 

2,28 

31.08 

1 47.12 

9.56 

Elymus canadensis. 

i 8.85 

2.23 

34.51 

46.24 

8.17 

condensatus. 

7.96 

2.81 

37.77 

41.93 

9.53 

sitanion 

10.10 

2.27 

35.61 

43,21 

8. SI 

triticoides 

6.33 

1.97 

39.55 

46.32 

5.83 

Eragrostis pilosa 

10.10 

2.44 

28.79 

43.44 

15,23 

major 

14,53 

2.60 

17.70 

58.24 

8.93 

Eriocoma cuspidata 

8.09 

2.22 

32.19 

48.30 

9.20 

Festuca ovina 

6,30 

2.09 

35.81 

50.86 

5.14 

scabreila 

10.64 

1.40 

35.58 

43.02 

9.36 

megalura 

6.23 

1.67 

3X.17 

53.50 

7.42 

octoflora 

7.44 

2.47 

29.45 

50.49 

7.15 
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Grasses— -continued. 






,t to 


m'A | 


Species. 

Ash. 

Ether 
extract . 

Crude 

fiber. 

Nitrogen- 

free 

extract. 

Protein, 

Heteropogon contortus 

p. ct, 
6.01 

p. ct. 
1.44 

p. ct. 
33.28 

p. ct. 
54.79 

p. ct. 
4.48 

Hilaria cenchroides 

9.37 

2.09 

24.51 

55 . 26 

8.77 

jamesii.. 

mutica 

8.56 

2.41 

31.95 

48.39 

8.69 

8.17 

1.66 

32.77 

50,32 

7.08 

Hordeum Jubatum 

10.83 

3.39 

31.90 

42.40 

11,48 


11.77 

1.96 

33.02 

44.65 

8.60 

murinum 

6.86 

2.00 

35.99 

47.72 

7.43 

nodosum 

5.50 

2.62 

30.70 

49.47 

11.66 

Koeleria cristata 

7.45 

3.03 

33.94 

46.98 

8.60 

Lamarckia aurea 

25.79 

3.17 

29.90 

36.21 

4.93 

Muhlenbergia gracilis 

5.12 

2.59 

25.72 

59.72 

6.85 

gracillima 

12.36 

2.53 

31.03 

46.31 

7.77 

porteri 

6.53 

2.28 

35.63 

49.59 

5.97 

Munroa squarrosa 

11.82 

1.57 

35.31 

38.71 

12.59 

Panieum iachnantlium 

11.96 

2.38 

29.97 

45.72 

9.97 

virgatum 

6.26 

2.25 

33.52 

51.52 

6.45 

capillare 

10.45 

1.73 

30.26 

46.97 

10.59 

Pbleum alpinum 

4.83 

2.33 

32.20 

51.69 

8.95 

pratense 

7.34 

1.94 

37.44 

46.30 

6.98 

Pbragrnites communis 

7.80 

2.92 

35.97 

44.40 

8.91 

Poa arctica 

5.36 

1.80 

29.89 

50.65 

12.30 

arida 

7.14 

2.58 

36.76 

47.90 

5.62 

compressa 

5.74 

2.97 

33.73 

50.31 

7.25 

nemoralis 

6.26 

2.59 

31.92 

51.60 

7.63 

nevadcnsis 

5.05 

2.06 

33.68 

52.17 

7.04 

pratensis, 

7.77 

3.17 

34.39 

46.38 

8.29 

rupicola 

4.38 

2.64 

26.11 

58.19 

8.68 

sandbergii 

5.09 

4.11 

31.43 

51.07 

8.30 

tenuifolia 

9.45 

2.92 

19.40 

59.47 

8.76 

Polypogon monspeliensis 

11.57 | 

2.58 

24.41 

52.17 

9.27 

Schedonnardus texanus 

7.98 

1.77 

38.15 

45.94 

6.16 

Sderopogon brevifolius 

8.59 

2.02 

30.41 

51.20 

7.78 

Setaria glauca 

13.32 

4.34 

16.97 

55.91 

9.46 

italica 

11.17 ; 

3.24 

35.22 

38.21 

12.16 

viridis 

12.15 

2.87 

16.40 

59.91 

8.67 

Spartina cjmosuroides 

6.16 

2.25 

36.79 

47.16 

7.64 

gracilis 

7.65 

2.00 

35.21 

47.74 

7.40 

Sporobolus airoides 

8.39 

1.78 

32.19 

48.92 

8.72 

asperifolius 

7.76 

2.31 

33.70 

50.31 

5.92 

auricula bus 

10.46 

2.26 

33.42 

48.11 

5.75 

brevifolius 

7.16 

2.40 

33.30 

50.37 

6.77 

cryptandrus 

7.05 

1.57 

33.49 

50.03 

7.86 

fiexuosus 

6.49 

1.31 

34.01 

51.13 

! 7.06 

wrightii 

8.53 

1.70 

32.27 

47.93 

9.57 

Stipa comata 

6.70 

2.31 

34.40 

49.73 

1 6.86 

eminens 

6.53 

2.37 

38.57 

45.38 

! 7.15 

setigera 

8.23 

1.57 

36.90 

47.20 

6.20 

sparfcea 

4.78 

2.46 

23.81 

60.61 

8.34 

vaseyi 

7.80 

2.77 

34.08 

41.30 

14.05 

viridula 

8.04 

2.61 

30.87 

49.77 

! 8.71 

Trisetum subspicatum 

5.35 

2.46 

32.91 

47.08 

| 12.20 

Zea mays 

7.30 

0.70 

28.80 

49.30 

3.80 
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Sedges, Rushes, and Hqesetails, 


Species. 

Ash. 

Ether 

extract. 

Crude 

fiber. 

Nitrogen- 

free 

extract. 

Crude 

protein. 


p. ct. 

p. ct. 

p. d. 

p. ct. 

p. ct. 

Carex aristata 

6.49 

2.45 

31.55 

49.51 

10.00 

strata 

5.99 

2.17 

29.08 

50.03 

12.72 

aquatilis 

6.81 

1.44 

31.84 

43.74 

16.17 

bella 

7.41 

1.45 

36.27 

47.02 

7.85 

douglasii 

6.24 

3.09 

29.74 

51.87 

9.06 

f estiva 

5.71 

1.79 

29.04 

51.09 

12.37 

lanuginosa 

8.45 

1.94 

34.28 

45.83 

9.50 

marcida 

7.85 

3.39 

28.50 

53.21 

7.05 

nova 

5.94 

2.85 

31.67 

47.66 

11.88 

Pennsylvania 

9.59 

2.56 

27.00 

44.00 

16.84 

rupestris 

9.12 

1.96 

32.33 

48.51 

8.08 

siccata 

10.30 

2.40 

26.79 

45.66 

14.85 

stricta 

11.13 

2.52 

30.13 

44.97 

11,24 

straminea. 

8.72 

2.32 

34.16 

46.56 

8.24 

utriculata 

8.03 

1.61 

30.84 

47.28 

12.24 

vulpinoidea ! 

9.43 

2. IS 

30.93 

47.25 

10.21 

Heleocharis acuminata ; 

10.55 

2.39 

32.65 

47.51 

6.90 

obtusa i 

13.30 

2.73 

29.41 

44.47 

10.09 

palustris ! 

18.62 

2.14 

26.94 

42.79 

9,50 

Scirpus atrovirens 

7.25 

1.55 

34.20 

! 53.21 

3.79 

fluviatilis 

10.24 

1.59 

29.07 

i 48.18 

10.91 

lacustris 

11.30 

1.14 

32.56 

44.95 

10.05 

pungens 

13.42 

1.69 

30.81 

44.56 

9.52 

Juncodes spicatum 

3.73 

2.78 

26.34 

59.44 

7.71 

parviflorum 

5.47 

2.09 

29.01 

54.72 

8.71 

Juncus balticus 

5.51 

1.53 

35.04 

46.47 

10.85 

mertensianus 

6.39 

1.65 

24.38 

54.06 

13.52 

nodosus 

9.32 

1.11 

31.25 

45.95 

12.37 

parryi 

6.38 

1.66 

25.90 

49.31 

16.75 

tenuis 

5.79 

1.82 

37.07 

48.39 

6.93 

Equisetum levigatum 

21.58 

2.26 

23.60 

42.00 

10.56 


Legumes, Native. 


Species. 

Water. 

Ash. 

Ether 

extract. 

Crude 

fiber. 

Nitro- 

gen-free 

extract. 

. 

Crude 

protein. 

Astragalus bisulcatus 


8.23 

1.42 

28,76 

43.90 

17.69 

carolinianus 


9.09 

1.34 

28.00 

40.23 

21.34 

Hedysarum philoscia 


6.80 

1.13 

22.42 

51.69 

17.96 

Lotus amerieanus 


9.05 

2.96 

23.28 

45.67 

19.04 

Lathvrus coriaceus 

6.87 

7.32 

4.02 

27.65 

44.83 

9.31 

Lupinus argenteus 

S. 12 

3, IS 

27.01 

40.05 

21.63 

holosericeus 


5.28 

5.62 

14.43 

48.80 

25.87 

ieucophyllus 


5.12 

3.64 

15.76 

61.64 

13.84 

lyaili 


11.59 

5.08 

21.37 

42. 5S 

19.38 

plattensis 


9.17 

1.98 

17.93 

57.24 

13.68 

rivularis 


10.63 

7.11 

16.36 

38,63 

27.27 

Thermopsis divariearpa 


5.71 

2.87 

26.93 

49.32 

15.17 

Trifolium dasyphyllum 


9.76 

1.91 

27.37 

45.72 

15.24 

monanthum 


9.37 

6.04 

18.83 

41.19 

24.57 

parryi 


8.42 

2.59 

23.78 

45.17 

20.04 

Yicia linearis 


7.93 

1.90 

27.16 

40.73 

r >2 22 





1 
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Legumes, Cultivated. 


Species. 

Water. 

Ash. 

Ether 

extract. 

Crude 

fiber. 

Nitro- 

gen-free 

extract. 

Crude 

protein. 


p. ct. 

p, ct. 

p. ct. 

p. ct. 

p. ct. 

p. ct. 



9.96 

1.33 

33.34 

37.67 

17.70 

Melilnrtis alba. 


10. IS 

2.52 

23.16 

44.99 

19.15 

officinalis , 


6.57 

1.72 

42.47 

34.56 

14.68 

Trifolium hyhririnm 


8.54 

2.02 

31.46 

44.34 

13.63 

incarnatum 


12.90 

2.34 

32.58 

38.50 

13.69 

pratense 


10.23 

2.68 

19.01 

49.19 

18.89 

repens 


12.34 

3.19 

15.70 

44.97 

23.80 

Other Herbs, Perennial. 

; Ataenia gairdneri 

6.79 

9.05 

4.77 

25.74 

46.47 

7.18 



15.99 

1.65 

28.01 

48.24 

6.11 

Aster campestris 


10.73 

5.45 

21.32 

36.18 

26.32 

Balsamorbiza sagifctata . . , . . 

7.12 

11.83 

5.71 

14.17 

35.70 

15.44 

Castiileia miniata 


9.52 

5.26 

12.43 

47.23 

25.56 

novadensis 


10.21 

9.74 

20.62 

49.27 

10.16 

Crepis intermedia 

6.74 

8. SI 

3.37 

23.47 

49.19 

8.44 

Franseria discolor 


20.55 

4.02 

11.10 

43.35 

20.98 

HeiiantheUa uniflora 


9.89 

6.46 

17.52 

48.78 

17.35 

Iva axillaris 


20.62 

6.36 

11.60 

47.07 

14 35 

Leptotaenia multifida 

6.15 

8.88 

7.04 

21.71 

46.35 

9.87 

Pentstemon procerus 


10.21 

9.74 

20.62 

49.27 

10.16 

Scnecio serra 


1.25 

5.07 

22.11 

53.60 

17 97 

triangularis 


9.16 

5.89 

26.68 

39.09 

19 18 

Triglochin raaritima 


17.79 

2.41 

27.53 

33.58 

18 69 

Wyethia amplexicaufis 


10.99 

12.76 

10.60 

50.58 

15 07 

mollis 

8.81 

16.16 

3.87 

15.98 

46.93 

16.25 


Other Herbs, Annual. 

A triplex volutans 

Brassica arvensis 

Cleome integrifolia 

Erodium cicutarium 

Laetuca ludoviciana 

Polygonum aviculare 

convolvulus 

erectum 

ramosissimum 


18.47 

4.47 

10.12 

19.04 

12.56 

5.86 

2.37 

5.59 

7.40 

.93 

32.78 

9.00 

2.11 

7.12 

2.87 

3.63 

1.80 

1.91 

29.66 

7.77 

17.00 
24.13 

14.00 
20.34 
14.60 
32.11 
30.19 

37.41 

23.31 

47.04 
42.35 
47.65 

52.05 
70.19 
48,11 
44.98 

13.53 

31.67 
16.84 
12.37 

18.67 
18.87 

9.21 

11.39 

15.52 

Shrubs and Halfshrubs, Dicotyledons. 

Araelanchier alnifolia 

Artemisia rigida 

tridentata 

Atriplex canescens 

confertif olia 

nuttallii 

semibaecata 

Eurotia ianata 

Prunus demissa 

Purshia tridentata.. 

Bibes cereum 

Rosa pisocarpa 

Salix spp 

7.54 

8.11 

6.68 

7.08 

10.66 

25.39 

13.76 

20.27 

7.61 

11.66 

4,23 

9.47 

8.37 

8.34 

10.93 
3.73 

20.95 

2.01 

1.52 

0.82 

1.22 

1.61 

13.93 
3.17 

10.26 

14.04 

5.60 

14.38 

21.98 

21.99 

29.89 

17.89 
16.45 
19.21 
37.56 

20.38 

14.90 
5.76 

10.18 

17.74 

50.46 

46.57 

38.81 

40.15 

42.41 

51.52 
42.85 

40.41 
45.07 
57.98 
61.24 
46.91 

45.53 

16.12 

21.04 

11.17 

9.75 

12.79 

17.45 

16.45 
12.81 

8.96 

12.37 

13.27 

20.50 

22.79 
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Shrubs and Halfshrubs, Monocotyledons. 


Species. 

Water. 

Ash. 

Ether 

extract. 

Crude 

fiber. 

Nitro- 

gen-free 

extract. 

Crude 

protein. 


p. ct. 

p. ct. 

p. ct. 

p. Ct, ' 

p. ct. 

p. ct. 

A gave Ifichtigiiilla- 


S.9 

1.7 

32.5 

52.5 

4.4 

Dasylirium texanum: 



Leaves 


3.5 

1.6 

41.7 

48 1 

5 1 

Stems 


7.3 

2.3 

26.5 

46 3 

17 6 

Dasylirium wheeleri, leaves 


4.5 

2,4 

39.6 

48.9 

4 6 

"NfftKirm finrmpfins 


5.6 

2 S 

41.8 

41 2 

8 6 

microcarpa, leaves 


2.9 

1.5 

46 6 

45 3 

3 7 

Yucca baccata 


7.6 

1.2 

34.1 

53.5 

3 6 

glauca, leaves 


8.8 

2.S 

32.7 

49.3 

6.4 

glauca, stems and roots ..... 


7.3 

0.8 

25.2 

61.0 

5.7 

macrocarpa 


4.6 

0.6 

43.1 

48.8 

2.9 

radiosa: 



Leaves 


6.8 

2.7 

28.9 

48.7 

2.9 

Stems 


9.8 

2.1 

25.9 

55.9 

6,3 

Cacti, Air-Dry. 

Opuntia arborescens 

5.26 

27.71 

1.40 

13.72 

46.43 

5.48 

arbuscula 

5.31 

14.55 

1.61 

19.75 

46.63 

12.35 

basilaris 

5.08 

19.98 

1.90 

11.75 

56.52 

3.77 

bigelovii 

5.89 

15.88 

1.70 

17.18 

54.43 

4.92 

cMorotica 

6.03 

18.80 

1.85 

20.55 

49.21 

3.56 

fulgida 

5.60 

13.40 

1.48 

5.96 

70.27 

3.29 

leptocaulis 

6.15 

16.85 

6.45 

12.33 

53.29 

4.93 

lindheimeri 

5.33 

21.78 

2.08 

10.65 

53.37 

6.79 

macrocentra 

7.18 

16.45 

2.00 

11.05 

55.21 

4.71 

mamillata 

6.26 

16.75 

1.70 

15.13 

54.68 

5.48 

phaeacantha 

6.50 

15.80 

1.48 

12.56 

60.81 

2.85 

poiyacantha 

6.68 

23.23 

1.16 

10.95 

53.04 

3.94 

robusta 

5.68 

26.81 

2.13 

15.98 

43.70 

5.70 

versicolor 

5.96 

17.49 

1.58 

17.85 

50.84 

6.28 

Cereus giganteus 

8.98 

15.75 

1.20 

19.35 

57.92 

5.80 


Cacti 

Green. 





Opuntia engelmannii, 

77.21 

4.18 

0.39 

2.62 

14.71 

0.89 

fulgida. 

77.79 

4.24 

0.34 

1.66 

14.37 

1.60 

lindheimeri 

SO. 72 

4.44 

0.42 

2.17 

10.87 

1 .38 

robusta 

89.62 

2.95 

0.23 

1.76 

4.81 

0.63 

spinosior 

75.54 

4.63 

0.49 

2.56 

16.01 

1.77 

Cereus giganteus 

87.31 

2.20 

0.17 

1.44 

8.07 

0.81 
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Average Composition of Plants, 


m | 


A 



No. of 
samples. 

Ash. 

Ether 

extract. 

Crude 

fiber. 

Nitro- 

gen-free 

extract. 

Crude 

protein. 

A. Native. 







I. Grass-like: 







1. True grasses. 







a. Bottom lands 

44 

8.64 

1.98 

34.48 

45.89 

9.01 

b. Bench lands 

69 

7.48 

2.05 

35.92 

46.53 

8.02 

c. Mountains 

54 

5.12 

2.23 

33.00 

49.15 

10.50 

2 . Sedges. 







Bog 

32 

8.34 

2.26 

30.06 

47.49 

11.85 

h. Drv-Iand 

19 

6.79 

2.51 

29.57 

49.47 

11.66 

3. Rushes, 

22 

6.24 

1.85 

31.21 

50.20 

10.50 

II. Not. grass-like: 







1. The legumes — clovers, vetches, 







etc 

16 

8 . 6 S 

2.06 

25.02 

44.87 

19.37 

2 , Salt-bushes 

7 

14.18 

1.45 

28.28 

41,62 

14.47 

3. Sagebrush, etc 


6.88 

: 11.84 

21.98 

42.69 

16.10 

B. Introduced. 



I. True grasses 

7 

8.06 

2.35 

32.85 

47.28 

9.46 

II. Other than grasses: 







1. Alfalfa, clovers, etc 

IS 

9.91 

1.92 

30.63 

40.28 

17.26 

2 . Salt-bushes, etc 

3 

26.94 

1.28 

17.02 

37.11 

17.65 


Average Digestion Coefficients. 



i 

Dry 

matter. 

Protein. 

Ether 

extract 

(fat). 

Crude 

fiber. 

Nitro- 

gen-free 

extract. 

Ash. 

Nutritive 

ratio. 

Indian potato (A taenia gairdneri) . 

66.59 

56.74 

77.19 

74.38 

65.21 

50.10 

1: 15 0 

Common sunflower (Wyethia 

mollis) 

Balsam-root sunflower (Balsam o- 

60.65 

69.46 

63.19 

54.41 

61.19 

53.01 

1: 3.8 

rhiza sagittata) 

66 . 3S 

77.28 

74.21 

58.69 

74.90 

38 29 

1 : 39 

Tiild carrot (Leptotaenia multi- 

fida) 

Mountain indian pink (Castiileia 

68.76 

71.10 

81.49 

47.39 

83.04 

53.07 

1: 9.2 

miniata), western variety 

66.94 

64.76 

76. 82 

49.05 

80.28 

46.82 

1: 8.9 

Bromegrass (Bromusmarginatus) . . 

59.79 

68.03 

15.69 

53.05 

66.91 

42.43 

1: 8.5 

Native ^ bluegrass (Poa sandbergii) . 

52.71 

63.90 

49.87 

44.68 

60.16 

22 . 69 

1 : s!7 

1: 9.5 

Dandelion (Crepis intermedia) 

62.30 

62.88 

33.13 

35.90 

77,45 

48.66 

Bitter brush (Kunzia tridentata) . . 

76.86 

81.70 

71.36 

69.54 

86.10 

57.48 

1 : 0.9 

Bitter vetch (Lathryus coriaceus) . 

30.38 

48.03 

32.42 

36.39 

64.55 

28.35 

1: 9.4 

Little lupine (Lupinus sellulus) . . . 

68.21 

74.78 

57.22 

55.71 

75.40 

67! 39 

1 : 4!2 




Relation to climatic cycles. — No other factor produces such rapid and 
striking changes in carrying capacity as does rainfall. The difference in the 
total yield oi the same range m two successive years of dissimilar rainfall may 
be greater than 100 per cent, and in the wet and dry phase of the same cycle 
i e even greater. Such differences are often greatly augmented bv the 
critical overgrazing which is more or less unavoidable during a drought period 
UI J 5/“** me thods of management. Since grassland is typically cor- 
^ summer rainfall, the amount of the latter is at once reflected 
'L th ®.f? Wt , h of th< ? dominants. A single year of deficient rainfall affects 
the yield at once by decreasmg vegetative growth. At the same time, 




A. Boutdoun-Anslida association in 1917, Santa Hit a Reserve', Tucson, Arizona. 

B. The same area in 1918 after serious drought and overgrazing by cattle and rodents, 


t 
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the storage in the propagative organs is reduced and seed production is like- 
wise affected. If the drought continues for a second or third year, these 
effects become cumulative and the stand diminishes greatly in density as 
well as in height. During wet phases, the growth of the vegetative organs 
is favored and this in turn promotes propagation and reproduction, but the 
former especially. As a consequence, the sun-spot cycle of 11 years is clearly 
expressed in canying capacity, and this is often true likewise of the 2 to 3- 
year cycle, particularly in the more arid Southwest. In short, grass types 
show a carrying capacity cycle of excess and deficit, which must be taken into 
account if alternate lack of utilization and overgrazing are to be avoided. 
Such a cycle has a peculiar significance for overgrazing and range improve- 
ment and is further discussed under these heads (plate 71). 

Relation to rodents. — While the damage done by prairie-dogs to native 
vegetation has long been known and the indicators recognized (Pound and 
Clements, 1898: 299; 1900: 414), it is but recently that the full importance of 
rodents has been realized. This has led to the extensive campaigns for the 
eradication of rodents, organized and carried out during the last five years by 
the Biological Survey, and to the cooperative studies of the kind and amount 
of damage to different grazing types. The plans for the first of these were 
drawn up by the writer, and they have been carried out on the Santa Rita 
Range Reserve near Tucson through cooperation with the Forest Service, the 
Biological Survey, and the University of Arizona. The results have already 
demonstrated the serious and often critical effect which jack-rabbits have 
upon the range and have added the kangaroo-rat to the list of rodent pests 
of the first importance (Vorhies, 1919). While prairie-dogs, ground-squirrels, 
jack-rabbits, and kangaroo-rats are the most important, pack-rats and pocket- 
gophers also do much damage, and there are doubtless other rodents which 
must be reckoned with. The reduction of carrying capacity by rodents is a 
serious matter at all times, but it becomes critical during drought periods. 
This is due to its added effect upon a range which is already overgrazed by 
the stock. The frequent occurrence of drought in the Southwest has greatly 
magnified this effect, and in some areas the grass (and even the desert scrub) 
has been almost completely destroyed as a consequence. It is probable that 
there is a rodent cycle, due to the effect of dry and wet phases upon vegetation 
as the food-supply, but in a local area this must be more or less modified by 
the effects of migration. Rodents resemble grazing animals in showing a 
preference for certain life-forms and dominants, as well as in adjusting them- 
selves to less palatable species under the spur of necessity. The general 
features of the methods by which their habits are studied and their effects 
measured are given under the discussion of range improvement (plate 72). 

Relation to herd and management. — The recognition of the proper meth- 
ods of handling stock to secure the maximum carrying capacity was first made 
by Smith (1899), and the importance of such methods has since been em- 
phasized by Griffiths (1904), Davy (1902), Wooton (1908), and others. Their 
development into a practical system is due chiefly to the work of the Forest 
Service in connection with the grazing problems of the national forests (Jar- 
dine, 1908; Sampson, 1908; Barnes, 1913)* The most complete discussion of 
the system for handling cattle has been given by Jardine and Hurtt (1917), 
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and for sheep by Jardine and Anderson (1919: 48). The essential features 
are fencing or proper herding, adequate water development, deferred or rota- 
tion grazing, winter and drought feeding, and improvement of the herd. Fenc- 
ing is first of all important in enabling the stockman to control his own range, 
but it is also necessary in order to minimize bundling and trampling, as well 
as to permit rotation. In the case of sheep in the national forests, the carry- 
ing capacity of the range is greatly conserved by the open or blanket” 
method of' herding. Proper water development insures fairly uniform 
utilization by reducing the distance to water, and hence decreasing the ten- 
dency of cattle to overgraze the areas about wells or tanks and to undergraze 
distant ones. Rotation grazing permits the utilization of types or areas under 
conditions which maintain the yield, and affords an opportunity for the de- 
velopment of reserve pastures against periods of drought. It likewise en- 
courages the grazing of cattle by classes, such as breeding-cows, steers, etc. 
Feeding during winter or drought has an obvious effect upon carrying capacity. 
It not only conserves the actual supply of natural forage, but it also reduces 
the intensity of grazing in early spring, owing to the fact that the stock come 
out of the winter in good condition. This is especially important, as the 
rapid growth of the leaves in spring determines not merely the amount of 
s umm er forage, but is even more important in deciding the amount of storage 
in rootstock and seed, and hence the yield of the following year. In its re- 
lation to carrying capacity, the improvement of the herd depends chiefly 
upon efficiency in transforming grass into flesh, but partly also upon the 
ability to “rustle.” It is evident, moreover, that carrying capacity will 
vary with the breed as well as the animal, and that certain breeds will be more 
efficient in one grazing type than in another. 

Measurement of carrying capacity.— Spillman (Griffiths, 1904 : 5) has 
emphasized the importance of carrying capacity as a basis for the grazing 
industry: 

“A knowledge of the carrying capacity of the ranges is of the most import- 
ance, for it must form the basis of any intelligent legislation relating to the 
range question. This knowledge determines the rental and sale value of 
range lands, and should also determine the size of the minimum lease or home- 
stead for range purposes in case laws are passed providing for such disposal 
of the public ranges.” 

It is evident that definite knowledge of carrying capacity can be obtained 
only through its measurement, and hence methods of measuring it come to 
be of the first importance. The best measure of carrying capacity is that 
furnished by actual grazing test, and all other methods find their warrant in 
the use of this as a final criterion. However, so many factors enter into 
practical grazing that experience alone is not a reliable guide to actual carrying 
capacity, and still less to potential carrying capacity. It must be refined and 
supplemented by experimental tests under controlled conditions which per- 
mit varying one factor, such as grazing type or kind of animal, while the other 
factors remain esssentially the same. Such grazing experiments may be in- 
tensive or extensive in scope, though it is desirable to make use of both kinds 
in connection with putting experimental results into practical commission. 
Extensive expenmentation has been carried on for several years on the Jor- 
nada and Santa Rita Range Reserves by the Forest Service (Jardine and 
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Hurtt, 1917), while intensive experiments have been made at Mandan and 
Ardmore by the Office of Dry-Land Agriculture (Sards, 1919). Whether 
carrying capacity is determined by general experience or measured by actual 
experiment, the extension and use of the measures obtained depend upon the 
composition of the grazing type and the abundance and size of the dominants, 
as determined by the quadrat method. The degree of carrying capacity de- 
pends, first, upon the number and kind of the dominants associated in any 
grouping; second, upon their density; and third, upon the abundance of sub- 
dominants. Once it has been found for any particular grouping by experience 
or experiment, it can be extended to the same or similar types in other regions 
by using the dominants as indicators and checking this by means of the quad- 
rat as a measure of composition, abundance, and yield. This is especially 
true where protection inclosures are employed, since they readily show the 
increase possible in the particular grazing type. 

Present and potential carrying capacity— The present capacity of a par- 
ticular grazing type is determined by its structure and the degree to which it is 
overgrazed. Its potential capacity depends upon the recovery possible 
under proper grazing management and the increased utilization brought 
about by supplementary forage crops. The actual present capacity of a 
range is determined by the yield during drought periods, while the potential 
capacity is suggested by that of wet periods, which may be several times 
greater. While the open range in the grassland climax has been more or less 
constantly overgrazed since the advent of the buffalo, the evidence indicates 
that the carrying capacity was higher for a decade or two after the disappear- 
ance of the buffalo and that it has steadily decreased up to the present time, 
except in the regions where settlement and fencing have brought about some 
degree of protection. During the last decade, the carrying capacity of ranges 
in the national forests has been increased 20 per cent or more as a result of 
grazing control, and it appears certain that the open range will permit much 
greater improvement. The amount of the latter will depend upon the differ- 
ence between the present and the potential capacity. A mixed type of tail- 
grasses and short-grasses will have a higher potential capacity than one of 
either grass-form alone, though overgrazing may reduce its present yield 
practically to that of a short-grass type. The mixed prairie of North Dakota 
has been shown by Sarvis (1919) to have a carrying capacity of 1 to 7 during 
the drought years of 1917-18, while it might well equal 1 to 3 during wet 
periods. The short-grass type of the Texas Panhandle has an average capac- 
ity of 1 to 12 (Smith, 1899: 11), while in New Mexico it seems to be somewhat 
lower (Wooton, 1908:27). In the desert plains, the Bouteloua eriopoda 
consociation has a capacity of 1 to 20 (Jardine and Hurtt, 1917: 17), while 
Wooton (1916:22) assigns a similar value to the Boutelom-Aristida com- 
munities of the Santa Rita Reserve. The short-grass types are grazed for a 
longer period, however, and their comparative carrying capacity is relatively 
higher. 

OVERGRAZING. 

Nature. — In practice, a range is regarded as being overgrazed only when its 
carrying capacity has actually decreased. Such a test is often indefinite 
because of the conditions under which the stock industry is carried on, and 
this explains the divergent views as to the condition of particular ranges. 
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While conclusive evidence as to the degree of overgrazing must be obtained 
from the failure of a range to maintain the herd upon it, such evidence can 
rarely be secured except from experimental tests. This is due to many fae- 
tors, of which variations in carrying capacity with the climatic cycle and differ- 
ences in management are the most important. As a consequence, it is most 
satisfactory to draw evidences of overgrazing from the behavior of the plant 
cover and to determine the degree by means of quadrat measurements. The 
competition between the individuals and species of the plant community is so 
keen and the balance so exact that the slightest disturbance can be readily 
detected. Grazing itself constitutes such a disturbance, and its effects upon 
growth, propagation, and reproduction can be minutely measured by means 
of the various kinds of quadrats. Such dominants as the grasses, however, 
have such an advantage over the subdominant herbs because of their under- 
ground parts and methods of growth that only a severe disturbance can 
throw the balance in favor of the herbs. When this happens, the first evi- 
dence is afforded by the increase in the number and vigor of the latter, which 
consequently serve as indicators. With increasing disturbance due to over- 
grazing, the annual members of the native flora appear in the most disturbed 
areas as the pioneers of minute subseres, and are later followed by introduced 
weeds. In the final condition the grasses will have disappeared, largely or 
completely, only the more weedy societies will persist, and the ground will be 
chiefly or wholly occupied by weedy annuals and biennials. Such a com- 
munity represents one or more stages of the secondary succession and its 
tenure depends upon the continuance of the disturbance that initiated it. If 
the latter ceases, the successional process begins and soon terminates in the 
original climax if the grass dominants have not been killed out. Under such 
conditions, succession is universal and inevitable in all climaxes, and this fact 
lies at the basis of all methods of range improvement (plate 73). 

On the basis of the maximum annual production of forage, overgrazing 
occurs whenever the yield drops below this point. It is evident that the 
maximum production can not have a fixed or average value, but that it must 
be correlated with the periods of the climatic cycle. A degree of grazing 
which would be disastrous in a drought period would fall far short of adequate 
utilization during a wet one. Coville (Sampson, 1908:5) has applied the 
term “destructive overgrazing” to the condition in which all or part of the 
native dominants are killed. It is characteristic of areas overgrazed during 
the critical drought periods of the double sun-spot cycle. For the sake of 
clearness, three types of grazing are recognized here. These are overgrazing, 
close grazing, and reserve grazing. Overgrazing results when the proper 
maximum yield of a particular year or period is not obtained because of the 
failure to make enough food for propagation or seed-production, or because 
the seed-crop has been destroyed. There are varying degrees of overgrazing 
from a slight reduction in yield to the complete destruction of the range. 
Close grazing is the type in which the total annual yield is utilized in such a 
way as to maintain the carrying capacity. Reserve grazing is the process in 
which part of the annual yield is held in reserve, either by means of a reserve 
pasture or by understocking. It constitutes an insurance against emergencies 
and is specially adapted to periods of drought. In actual practice, close 
grazing is usually preferable for the wet phases of the climatic cycle, and re- 
serve grazing imperative for the dry phases. 
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A. Relict Bouldoua and 'Aribtidn indicating former grass cover in desert scrub. Tucson, 

Arizona. 

B. Relict Stipa and Balmmorhiza indicating replacement of grassland by sagebrush. Hager- 

man, Montana. 
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This leads to greater storage in the propagative organs as well as to larger 
seed-production. At the same time, the grazed species are correspondingly 
handicapped in all these respects, and the gap between herbs and grasses, for 
example, constantly widens. With the increase of the less palatable species, 
especially when they are bushy, the grasses are further weakened by tramp- 
ling. This soon produces small bare spots which are colonized by annual 
weeds or weed-like plants. The latter set up a new and intense competition 
with the grass survivors, and these are still further decreased as a result. The 
weed areas widen, and sooner or later come to occupy most or all of the space 
between the relict herbs or half-shrubs. Before this condition is reached, 
however, the latter are brought into requisition for grazing and they then 
begin to yield to the competition of the annuals. In the case of the severest 
overgrazing, they too finally disappear, unless they are woody, wholly un- 
palatable, as in Guiierrezia, or thoroughly protected by spines, as in Opuntia. 

In the grassland climax, where the effects of overgrazing have been most 
studied, it is possible to recognize three or four stages. The first is marked 
by the decrease or disappearance of Stipa or Agropyrum, or of both of them, 
and the corresponding increase of the short-grasses wherever these are associ- 
ated; the second stage is characterized by the greater vigor and abundance 
of the normal societies, as well as by the increased importance of some; the 
third stage begins with the replacement of the grasses by annuals, while the 
fourth is marked by the spread of annuals and of introduced weeds generally 
over the area. Not all of these necessarily occur in the same spot, especially 
when the process of overgrazing takes place rapidly. Destructive over- 
grazing may result in a few years, or even in a single year, and in such in- 
stances the native vegetation may disappear completely or nearly so. It is 
replaced by a pioneer associes of native and introduced weeds, whose persist- 
ence will depend upon the continuance of the disturbance. These four stages 
indicate so many primary degrees of overgrazing, while minor degrees are 
denoted by the dropping out of particular dominants or subdominants. Thus 
in the mixed prairie, Stipa drops out before Agropyrum, because it is grazed 
more heavily in spring, and Bouteloua disappears from the desert plains before 
Aristida, owing to its greater palatability. Palatability is the chief factor in 
determining the successive disappearance of species, and hence the indicators 
of the corresponding degrees of overgrazing, though the sequence is often 
disturbed by the vigor of certain dominants. Since there are few species 
that are wholly unpalatable or inedible, it becomes possible to construct for 
a particular community a complete sequence of indicators, reflecting each 
appreciable degree in the process of overgrazing. In severe periods of drought, 
overgrazing may reach the point where even the annuals are eaten out and the 
plant, covering vanishes completely. This happens regularly in pastures, 
corrals, and bedding-grounds where animals are kept in mass es. It has 
even been found in desert scrub and savannah where the effects of over- 
ling are supplemented by the work of kangaroo-rats (plate 74) . 

Societies as indicators.— The number of overgrazing indicators for the sev- 
eral climaxes is legion, and it is possible to consider only the most widespread 
and important. With the perennial grasses as a background, it is convenient 
to distinguish several groups of such indicators, namely, herbs, subdominant 
halfshrubs, cacti, serai annuals, introduced weeds, and shrubs. The first 



A. A rial id a purpurea and diraricutn indicating moderate overgrazing on Bulbil t* plains, 

Texhon la. 0 klah oin: i . 

B. An annual, Lepidium alya-soldcs, indicating complete overgrazing in a pasture, Fountain, 

Colorado. 
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three groups comprise the characteristic relict indicators, and for the most 
part mark the early stages of overgrazing. The annuals and weeds are typical 

ai f s * ageS ’ wMe the shrub indicators are typical of savannahs 
and other ecotones where grass and serub mix. The increased importance of 
societies marks the beginning of overgrazing in those associations where they 

!2 T,rft T , heSe C ° nsist f0r the most P art of elim nx herbs, but 
..ubchmax half-shrubs and grasses, such as Gutierrezia and Aristida, are often 

of especial significance. Moreover, many of the herbs, though regularly 
present in the climax, have subclimax qualities also, as is readily understood 
from their competitive relations to the grasses. Practically all the societies 
isted under the various associations of the grassland, as well as those of the 
other climaxes, have some value as indicators of overgrazing. In most cases 
this value is overshadowed by that of the most controlling and extensive 
societies, unci the latter alone need to be taken into account. 

In the following list the general order is that of importance, but this 
naturally varies with the locality and the season. The composites and other 

(plate 75) nm§ SP6CieS aKi 6SpecialIy servi ceable, owing to their persistence 


Artemisia gnaphalodes. 
Artemisia dracunculoides. 
Artemisia canadensis. 
Grindelia squarrosa. 
Solidago rigida. 

Solidago missouriensis. 
Solidago speciosa. 
Solidago canadensis. 
Solidago mollis. 

Liatris punctata. 

Liatris scariosa. 

Liatris spicata, 

Liatris pycnostachya. 
Lepachys col unmans. 
Kuhnia ghitinosa. 
Malvastrum coccineum. 
Vernonia fasciculata. 
Yernonia baldwinii 
Achillea millefolium. 
Helianthus rigidus. 
Carduus undulatus. 


Senecio douglasii. 

Aster multiflorus. 

Aster oblongifolius. 

Aster sericeus. 

Senecio aureus. 
Balsamorhiza sagittata. 
Balsamorhiza deltoidea, 
Psoralea tenuiflora. 
Psoralea argophylla. 
Petalostemon candidus. 
Petalostemon purpureus. 
Amorpha canescens. 
Amorpha nana. 

Dalea laxiflora. 
Tradescantia virginiana. 
Verbena stricta. 

Verbena has tat a. 
Glycyrhiza lepidota. 
Brauneria pallida. 
Chrysopsis villosa. 


Lygodcsmia juneea. 
Aragalus lamberti. 
Polygala alba. 

Antennaria dioeca. 
Astragalus mollissimus. 
Astragalus bisulcatus. 
Astragalus racemosus. 
Astragalus crassicarpus. 
Lupinus plattensis. 
Erigeron ramosus. 
Haplopappus spinulosus. 
Hymenopappus tenuifolius. 
Hosa arkansana. 

Euphorbia corollata. 

Salvia azurea. 

Asclepias verticillata. 
Monarda fistulosa. 

Baptisia leucophaea, 
Castilleia sessilifiora. 

Allium canadense. 


Halfshrubs as indicators — Halfshrubs are best developed in the South- 
west, where they are typical indicators of overgrazing in both the desert scrub 
and the desert plains. A few attain even greater importance in the short- 
grass plains and the mixed prairies. These are Gutierrezia sarothrae, Artemi- 
sia fngida, and Yucca glauca. The relation of the first two to grazing in a 
short-grass cover has been shown by Shantz (1911 : 42). Over the central 
portion of the Great Plains they are associated as the two most serviceable and 
universal of overgrazing indicators. Artemisia is more abundant to the 
northward, and Gutierrezia to the southward, but they indicate essentially the 
same conditions whether alone or mixed. Differences in the degree of over- 
grazing are designated by variations in the density and vigor of the plants. 
In rough or sandy regions Yucca glauca is an indicator of overgrazing, though 
it is less important than the two just mentioned, largely because the flower- 
clusters are often eaten by cattle. Eriogonum microthecum and its variety 
effusum are common indicators in the central Great Plains, especially in more 
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sandy areas or in sandhills. Eriogomm jamesii is even more frequent in a 
similar role, though it is barely shrubby (plate 76). 

Gutwrrczta is also the most important ndicator of overgrazing in the eastern 
portion of the desert plains and in the Larrea-Flourensia scrub. In western 
Mexico and Arizona it is largely or completely replaced by Isocoma coronopi - 
folia and its varieties, which are the characteristic indicators from the lower- 
most Prosopis valleys upward into the Bouteloua-Arisiida grassland. On the 
Parkinsonia-Cereus bajadas and hills, Franseria deltoidea is the indicator on 
lower slopes and Encciia farinosa , or more rarely Chrysoma laricifolia , on the 
upper, while Franseria dumosa and, to a less extent, Hilaria rigida, play a some- 
what similar role in the Lama plains of western Arizona and adjacent Cali- 
fornia. In the higher desert plains, Calliandra eriophylla and Eriogonum 
wrighiii largely replace Isocoma as the most important indicator, while 
Baccharis wrighiii is more local. Other halfshrubs that occur through the 
desert scrub in varying importance are Zinnia pumila, Psilostrophe cooperi , 
Kramer ia glandulosa , Bebbia juncea, and Hymenoclea salsola . While all of 
the ha If shrubs of the desert scrub and grassland are normally indicators of 
overgrazing, they follow the rule in that practically every one is grazed to 
some degree when more palatable forage is lacking. This is altogether 
exceptional in the case of Gutierrezia , Isocoma , and Franseria, but all of these 
were found to be grazed more or less during the severe drought of 1918. 

Cacti as indicators.— Cacti owe their value as indicators of overgrazing to 
the protection afforded by their spines. Under ordinary conditions this is 
almost complete protection, but during drought periods in the Southwest, 
cattle in particular make much use of cacti and often keep alive upon them as 
an exclusive diet. At such times they are utilized by jack-rabbits and pack- 
rats also, and the work of these rodents frequently renders the prickly pears 
and barrel cacti available for stock. The cacti which serve to indicate over- 
grazing belong almost wholly to the genus Opuniia . The species with flat 
joints are commonly known as prickly pears, and those with cylindric ones as 
ehollas. In the short-grass plains and mixed prairies Opuniia polyacantha 
and 0. mesacaniha are the chief indicators, while Opuniia arborescens is often 
the most important species from the Arkansas Valley southward. Both owe 
their abundance as much to the great ease of propagation as to their spiny 
protection. In the case of the ehollas especially, the joints a o readily broken 
off and carried about by cattle, and in addition they are blown off by the wind. 
Moreover, they are well adapted to ecesis in disturbed places, owing to their 
succulence and the shallow root-system. In the Southwest the most import- 
ant cactus indicators in the desert scrub and savannah are Opuniia fulgida , 
0. f. mamillata , and 0. spinosior among the ehollas, and 0 . engdmannii , 0 . 
discoid , and 0. phaeacantha among the prickly pears. All these extend up 
into the grassland to some degree at least, but' in the foothills the most com- 
mon species ar e Opuniia versicolor , 0. arbuscula , 0. bigelovii , and 0. chloroiica . 
N olina, Dasylirimn , and Agave resemble the cacti more or less in indicator 
value (plate 77, a). 

Shrubs as indicators. — The shrubs that indicate the overgrazing of grass- 
land are chiefly such dominants of sagebrush, scrub, or chaparral as mix with 
the grasses to form savannah. The most important are Artemisia, Prosopis , 
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A Gulicrrczia and Aristula in short-grass plains, Albuquerque, New M< xieo, 
B. Yucca and A rid id a. in mixed prairie, Hays, Kansas. 
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Acacia , Yucca , Quercus, and Adenosioma. They resemble each other in that 
grazing gives them the advantage in competition with the grasses, partly by 
decreasing the hold of the latter through eating and trampling, and partly 
by disseminating the seeds and rendering their germination more certain. 
This advantage is largely or completely lost in the case of browsing animals, 
such as goats, since all of these are readily browsed, with the exception of Yucca 
and Arctostaphylus . Species of Artemisia are the chief shrub indicators of 
overgrazing in the mixed prairies, short-grass plains, and Agropyrum bunch- 
grass prairie, though various dominants of the chaparral not infrequently assume 
this role also. The most widespread and important is Artemisia iridentata , 
while A . cana is perhaps the most common in the mixed prairies and A . 
filifolia in sandy areas and sandhills. The lower forms, such as A. trifida , A . 
arhuscula , A. rigida } and A. spinescens , might well be regarded as half shrubs. 
They are more or less widely distributed, but their contact with grassland is 
more local. In California, fragments of savannah composed of Artemisia 
calif arnica and Stipa indicate a similar relation between sagebrush and grass- 
land. This appears to have been true formerty of Adenosioma as well, but the 
observed contacts with Stipa grassland are as yet too few for certainty. In 
the desert plains, Prosopis y often with Acacia or Cettis, is the characteristic 
shrub indicator of overgrazing. It also extends northward in the short-grass 
plains to southern Colorado and Kansas. It is perhaps the most typical of 
all such indicators, owing io its height and the ready dissemination of its seeds 
by cattle. Quercus virens , Q. breviloha , and Q. undulata, as well as other mem- 
bers of the chaparral, take similar parts in the grassland of southwestern Texas 
and adjacent New Mexico. The role of Yucca radiosa and macrocarpa as 
indicators of overgrazing is somewhat less clear, but their constant occurrence 
in the sandy grasslands of the Southwest and the connection between their 
propagation and disturbance by cattle seem to leave little doubt of a similar 
correlation (plate 77, b). 

Annuals as indicators. — Annuals are typically indicators of serious disturb- 
ance, and hence serve to mark the existence of serious overgrazing when 
abundant. They are the universal pioneers of secondary successions, and 
they regularly disappear in the course of development. When the disturb- 
ance is continuous or recurrent, they may persist for years, but their serai 
nature is readily disclosed by protecting an area. In a few cases they become 
suppressed by the perennials and continue as a dwarfed ground layer. In the 
Southwest the winter rains permit a characteristic development of annuals, 
which complete their growth and mature their seeds before the perennial 
communities of the summer become controlling. Annuals usually first 
appear in spots denuded by trampling and extend from these throughout the 
community in proportion to the degree of overgrazing. Their mobility is 
often very great and- they may take more or less complete control of a badly 
overgrazed range in a few years. Indications of varying degrees of over- 
grazing are given by differences in species as well as in density and vigor. The 
first annuals to appear are native species, or subruderals, which are given a 
chance to spread or develop because of the trampling and overcropping of the 
climax dominants. These often give way to more vigorous subruderals, or 
they become mixed with introduced weeds or ruderals, and are sometimes 
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completely replaced by them. This is usually only when the disturbance 
has been long continued and the supply of ruderals maintained by the presence 
of mam In the case of complete replacement, such as by Avena or Br omits, 
fire has often played an effective part. When more palatable species have 
disappeared, annuals often furnish considerable grazing, though it is usually 
inferior in all respects to that afforded by the climax dominants displaced. 
Avena faiua is an exception to some extent, while in the Southwest the winter 
annuals are extremely important in tiding over the cattle until the summer 
grasses appear. 

There are several hundred annuals which serve in some degree as over- 
grazing indicators. The most important ones are found chiefly in the grass- 
land climax and its contacts with the scrub formations. Some of these extend 
upward into the grasslands of the montane zone, while the indicators of over- 
grazing in the higher zones usually belong to the same or similar genera. A 
few of the annual indicators extend more or less throughout the grassland 
formation, but most of them occur in their particular region. Hence, it seems 
most convenient to group them under the three heads, namely, prairies and 
plains, desert plains, and bunch-grass prairies. 

Prairie and plains indicators. — While different species of annuals indicate 
small differences in the degree of overgrazing, the abundance and height of 
the plants is usually of greater importance. In addition, annual indicators 
have received little quantitative study, and hence it is possible only to list 
them in the general order of their importance. Some of those listed are either 
annual or biennial, and a few are typically biennial (plate 78, a). 



Hantago patagonica. 
Festuca oetoffora. 

Hedeoma hwpida. 

Lepidium intermedium. 
Lepidium alyssoides. 
Lepidium ramosum. 

Lappula texana. 

Verbena braeteosa. 
Helianthus peiiolaris. 
Helianthus animus. 

Erigerou canadensis. 
Erigoron divergens. 

Erigeron ramosus. 
Chenopodium leptophylium. 
Chexiopodmm album. 
Eriogomim airnuum. 
Eriogonum eernuum. 


Eragrostis pilosa. 
Eragrostis major. 

Ambrosia artemisifolia. 

Sal sol a kali. 

Solarium rostra turn. 
Argemone platyceras. 
Dyssodia papposa. 
Hordeum jubatum. 
Schedonnardus texanus. 
Munroa squarrosa. 
Euphorbia marginata. 
Croton texensis. 

Coilomia linearis. 
Verbesina enceiioides. 
Orthocarpus luteus. 
Polygonum aviculare. 
Polygonum ramosissimum. 


Aster tanacetifolius. 
Aster canescens. 
Phacelia heterophylla. 
Allionia linearis. 

Cassia ehamaecrista. 
Coreopsis tinctoria. 
Salvia lanceolata. 
Lupinus pusillus. 

Lotus americanus. 
I)raba caroliniana. 
Myosurus minimus. 
Androsace occidentalis. 
Pectis angustifolia. 
Sophia pinnata. 
Physalis lobata. 
Solanum triflorum. 


Desert plains indicators —These fall into two groups, depending upon their 
time of appearance. The summer annuals correspond to those listed above. 
They occur with the grasses, and hence are a more exact measure of over- 
grazing than the winter annuals. Most of them are distributed throughout 
the region, but are more typical in New Mexico. The winter annuals de- 
velop most abundantly in overgrazed areas also, but they finish their growth 
before the grasses appear and hence indicate conditions of the previous year. 
They are characteristic of southern Arizona and adjacent Mexico. The most 
important ones, such as Plantago fasiigiata , Eschscholtzia mexicana , Lesquerella 
gordoni 9 Lepidium lasiocarpum , Pectocarya linearis , etc., often form a dense 
cover and are invaluable for spring grazing (plate 78, b). 


A. Opuntia pohjuauttha indicating ovoi grazing in mixed prairie, Guernsey, Colorado. 

B. ProsopU and Calliandm indicating overgrazing in desert plains. Santa, Rita Re-u*rv 

Tucson, Arizona. 








OVERGRAZING. 


303 


Aristida bromoides. 
Bouteloua aristidoides. 
Bouteloua poiystachya. 
Boerhavia torreyana. 
Boerhavia intermedia. 
Kallstroemia grandiflora. 
Kallstroemia parvifiora. 


Plantago fastigiata. 

Eschscholtzia mexicana. 

Lesquereila gordoni. 

Lepidium laaiocarpum. 

Pteroearya linearis, 

Bowlesia lobata. 

Plagiobothrys arizonxcus. 

Amsinckia tessellata. 

Sophia pinnata. 

Bunch-grass prairie indicators* — The most remarkable development of 
annual indicators of overgrazing has taken place in California. This is un- 
doubtedly a consequence of its early settlement, together with its mild cli- 
mate and winter rainfall. In addition to a large number of summer and winter 
annuals derived from the native vegetation, the most widespread and typical 
indicators are European weeds, which are nearly all grasses. Many of these 
were probably introduced from Europe during the period of Spanish occupa- 
tion, and spread rapidly as a result of overgrazing and fire. These agencies 
would have first brought about the replacement of the native Stipas, but 
sooner or later fire and clearing would have caused weeds to spread through 
much of the chaparral as well. This problem of successive invasions and 
replacements is now under investigation by means of permanent protected 
quadrats. Meanwhile, the conclusions reached by Davy (1902:38) afford 
the best summary of the probable course of development (plate 79) : 


Summer Annuals. 

Kallstroemia brachystylis. 
KaHsiroemia hirsutiasima. 
Cladothrix lanuginosa. 
Croton corymbulosus. 
Solanum elaeagnifolium. 
Tribulus terrestris. 
Portuiaca oleracea. 

Winter Annuals. 

Daucus pusilius. 

Erodium cicutarium. 
Erodium texanum. 

Phacelia distans. 

Phacelia erenulata. 

Lupinus sparsifioras. 
Thelypodium lasiophyllum. 
Thysanocarpus curvipes. 
Lotus humiatratus. 


Haplopappus gracilis, 
Eriogonum abertianum. 
Eriogonum polycladum, 
Pectis angustifolia, 
Pectis prostrata. 

Chloris elegans. 
Eragrostis pilosa. 


Malacothrix sonchoides. 
Malacothrix fendieri. 
Oenothera primaveris. 
Calandrinia menziesix. 
Baeria gracilis. 

Lappula texana. 

Festuca octofiora. 

Gilia gracilis. 

Salvia columbariae. 


“1. The primitive forage plants were the ‘bunch-grasses’ ( Danthonias , 
Stipas, Melicas , Poas and perennial Festucas), with annual and perennial 
clovers, wild-pea vines and wild sunflowers; these were much more abundant 
in former times than now, and on account of their palatableness they largely 
disappeared with overstocking. 

“2. With the advent of white settlers and their domestic animals, wild 
oats (Avena fatua) and alfilerilla (. Erodium cicutarium) took possession of the 
country; these increased in relative abundance as the native forage plants 
became scarce; as the latter diminished in quantity, the cattle took to eating 
the former until they in like manner succumbed, while other plants took their 
place. 

“3. Small barley grass (. Hordeum maritimum gussoneanum) , squirrel tail 
(. Festuca myurus), and soft chess (. Bromus hordeaceus) were among the next 
weedy introductions; the two former, when in a maturing condition being 
disliked by cattle, have had a chance to spread and cover the ranges; but 
cattle having acquired a taste for soft chess, it is being kept in cheek, if not 
diminishing, on closely grazed ranges. 

a 4. A third immigration is now taking place, in which musky alfilerilla 
(. Erodium moschatum), broncho grass (. Bromus maximus gussoni), barley grass 
(. Hordeum murinum, locally called fox-tail), tacalote ( Centanrea melitensis ), 
hawkbit (. Hypochaeris glabra ), bur-clover (Medicago denticulata), and other 
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weeds are establishing themselves along the roadsides and around ranch 
houses. Of these, the bur-clover and musky alfilerilla have some forage 
value. Barley grass is eaten green in the spring before heading out, but 
afterwards becomes one of the most objectionable weeds for a stock range. 
The other aliens are destined to cause irreparable injury to the ranges unless 
kept in check and prevented from becoming firmly established. y 

With few exceptions the species listed below are summer annuals. The 
winter annuals of southern California are largely those noted for the desert 
plains, but they are here relatively unimportant. It should be borne in 
mind that, while the indicators given originally denoted overgrazing, some of 
them, such as Awna and Erodium , have become valuable forage plants as a 
consequence of the displacement of the native bunch-grasses, and in turn their 
overgrazed condition is indicated by still more weedy invaders. 


Awna fatua. 
Bromus maximum. 
Bromus rubens. 
Bromus hordeaceus. 


Grass Indicators. 

Bromus tectorum. 

Festuca myurus. 

Hordeum maritimum gusso- 
neanura. 


Hordeum muriimm. 
Polypogon monspeliensis. 
Lamarkia aurea. 


Erodium eieutarium. 
Erodium moschatum. 
Contaurea meli t ends. 
Medicogo dcntieulata. 
Hvpocbaeris glabra. 
Hypochaeri* radicata. 
Eriogouuzn vimineum. 
Eriogonum nudum. 
Lupinus micranthus. 
Lupinus affinis. 

Lupinus truncalus. 
Trifolium mierocephalum. 


Herb Indicators. 

Trifolium amplectens. 
Trifolium graeilentum. 
Trifolium tridentatum. 
Medicago lupuiina. 
Melilotus indica. 
Raphanus raphanistrum. 
Eryngium vaseyi. 
Hemizonia fitchii. 
Hemizonia clevelandii. 
Madia exigua. 

Madia dissitifiora. 

Lotus strigosus. 


Tricbostema lanceolatum. 
Plantago patagonica. 
Epilobium paniculatum. 
Phacelia heterophylla. 
Lagophylla ramosissima. 
Ptilonella scabra. 
Orthocarpus purpurascens. 
Centaurea cyanus. 
Eremocarpus setigerus. 
Lithospermum ruderale. 
Navarretia leucophaea. 


Great Basin indicators. — These are limited in the present discussion to 
the annuals that spread over the grassy intervals of the sagebrush, especially 
along the northern border where it is mixed with Agropyrum spicaium. While 
a number of the animals of the preceding list assume this role along the 
western edge, three species of introduced weeds are more important than all 
others combined; these are Bromus tectorum , Sisymbrium altissimum , and 
Lepidium perfoliatum. These occur singly or variously mixed. The most 
extensive community is that of Bromus tectorum , while the mixed community 
of Bromus and Sisymbrium is almost equally important. Lepidium is most 
abundant in the Northwest, but is rapidly spreading to other regions. While 
they owe their establishment originally to overgrazing, fire is a large factor in 
their rapid spread. They have now replaced the native grasses and herbage 
almost completely over thousands of square miles, and have reduced the 
grazing value practically to that of the sagebrush alone. Bromus is the only 
one with any real value, and this is frequently slight. It furnishes some graz- 
ing for sheep in the spring, but quickly becomes dry and nearly worthless. 

Overgrazing in the past. — The condition of the great ranges of the prairies 
and plains before the settlement of the West and the effect of settlement upon 
the grasses have long been mooted questions. It has frequently been assumed 
that certain grasses have disappeared with the coming of the early settlers 
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PLATE 73 



A. A summer annual, Euphorbia man/iuuta , indicating complete overgrazing, in a }>asture, 

Fountain, Colorado. 

B. A winter annual, Esch^choltzia mexicana, indicating: both overgrazing ot grasses and 

grazing capacity, Santa Rita Reserve, Tucson, Arizona. 
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and that others had entered to take their place. For example, it has been 
the almost universal opinion of farmers and stockmen that buffalo grass 
vanished from the prairies with the going of the buffalo and that the blue- 
stems had come in from the East to replace it. This opinion has been 
shared to a large degree by scientific men. Bessey (1887: 21G) early noted 
the general relations of the grasses to cultivation and fire : 

“Several entirely distinct species are popularly known as buffalo grass. All 
are, however, short grasses, unfit for making into hay, and although appar- 
ently quite nutritious, they supply so small an amount of food per acre that 
as the land becomes more valuable the farmer can not afford to retain them. 
But even should he wish to retain them, he can not; for they are unfitted to 
battle successfully with bluegrass and white clover, with the bluestems and 
rank w r eeds which always spring into prominence upon the prairies when the 
settler stops the annual prairie fires. Moreover, they can not endure the 
close cropping and tramping to which they are subjected when the land is 
inclosed and used for regular farming purposes. Already the genuine buffalo 
grass ( Buchloe dactyloides) has practically disappeared from the eastern third 
of the State. Of course I know very well that there are patches of it here 
and there in these older counties; it may be found in such patches within a 
mile or two of the capitol building; but these little patches are as nothing wiien 
compared with its former extensive distribution. A second grass commonly 
known by the name of buffalo grass ( Boutebua oligostachya ) is fast following 
the first. 

“Buffalo grass, Bulbilis dactyloides , is widely spread throughout the Sand- 
hill region. This valuable forage plant is rapidly disappearing. Its hard- 
awned fruits were especially suited for distribution by the buffalo, and since 
these have disappeared and the prairie fires are no longer allowed to sweep 
the plains, the buffalo grass is being rapidly choked out by the ranker species. 
It is the most valuable native pasture grass, but is rapidly passing toward 
extinction” (1893:288). 

Webber (1890: 37) states that “the buffalo grass, once the prevailing plant, 
is, in eastern Nebraska, found only in small patches, and is fast becoming 
rare, ” while Crandall (1390: 136) says that “this, the true buffalo grass, which 
once formed so large a portion of the prairie turf, is now r found in this region 
only in isolated patches. ” 

Pound and Clements (1898 : 246, 1900 : 350) found evidence to indicate 
that the buffalo grass had disappeared only where the land had been broken 
for cultivation. 

“The buffalo grass was, until recently, supposed to have once covered the 
greater portion of Nebraska; its disappearance has, as a matter of sentiment, 
been connected with that of the buffalo. That such a supposition is entirely 
erroneous is beyond a doubt. The patches of buffalo grass, which are found 
scattered here and there over the State, are to be regarded as intrusions rather 
than stragglers left by a retreating species. ” 

In 1897, Williams wrote : 

“This famous range grass is still quite abundant in the regions west of the 
James Valley in both Dakotas. It is by no means as rare as most people 
suppose, being frequently overlooked on account of its similarity to certain 
of the grama grasses and because it seldom fruits in any great quantity. ” (14) 
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In speaking of the changes accompanying overgrazing in the Texas prairies, 
Smith (1899:28) makes the following statement: 

« Before the ranges were overgrazed, the grasses of the red prairies were 
largely bluestems or sage grasses (Andropogon ), .often as high as a horse s back. 
After pasturing and subsequent to the trampling and hardening of the soi , 
the dog grasses or needle grasses (Aristida) took the whole country. After 
further overstocking and trampling, the needle grasses were driven out, and 
the mesquite grasses ( Hilaria and Bulbilis ) became the most prominent species. 
The occurrence of any one of these as the dominant or most conspicuous grass 
is to some extent an index of the state of the land and of what stage in over- 
stocking and deterioration has been reached. There is often a succession of 
dominant grasses in nature through natural causes, but never to as marked an 
extent as on the cattle ranges during the process of deterioration from over- 
grazing. On overstocked lands there is uniformly an alternation of needle 
grass and mesquite at short intervals, unless the overstocking is carried too 
far, when these perennials give way to annuals and worthless weeds.” 



Smith (1893: 281) has suggested part of the explanation as to the varying 
opinions upon the condition of the range since the disappearance of the buffalo, 
in discussing the Sandhills of northern Nebraska: 

“The theory is quite commonly advanced by stockmen and others interested 
in the country that the sandhills were quite bare of vegetation at a compara- 
tively recent date and have only commenced to be grassed over since the days 
of tlie Indian and buffalo. I doubt very much the correctness of this idea. 
We have accounts of the sandhills written in the early part of this century 
which gave the salient features of the landscape about as they exist today. 
The region is one where physical conditions may vary greatly in a term of 
years. We were told by stockmen who have been located in the hills for a 
long time, that the soil is very susceptible to drying, that the lakes sometimes 
entirely disappear during periods of drought, and that one year a crop of hay 
may be cut where the year before there was a fine body of water. In wet 
years the vegetation of the valleys, which is always more luxuriant than that 
of the drier hills, may extend far up their slopes, while in dry years opposite 
conditions may prevail. If one sees the sandhill region for the first time 
when bare of vegetation in winter or early spring, or after the drying out of 
July and August, one may easily get the idea that the sandhills have never 
been grassed over. When the freshening up comes after the rains, he may 
conclude that they are becoming turfed over for the first time. ” 

Wilcox (1911 : 26) has compiled the opinions and statements of a very large 
number of explorers and travelers with reference to grazing conditions over 
the prairies and plains during the past century. These show great divergence, 
and many of them are directly contradictory. On the whole, however, they 
support his general conclusion that the range has not changed essentially, 
whatever its fluctuations may have been. 

“The present condition of the Great Plains is essentially the same as that 
described by early travelers. The prevailing grasses are still the buffalo and 
grama, of low habit. The immense number of buffalo in the early days and 
later of cattle have not been sufficient to produce any marked change in the 
character and amount of range forage upon this area. ” (47) 

“To one who is familiar with the present range conditions of the arid west 
as a whole, or any particular section of it, these statements must indicate a 





A. Btipa set i peril indicating the original bunch-grass prairie, Bresno, California. 

B. Arena ful ua on bunch-grass hills, Hose Canyon, ban Diego, California. 

C. Fesluca my unis and Beam us honlcaccus on bunch-grass iand, Corning', Califor 
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striking similarity in the appearance of the range in former times and at pre- 
sent, So far as the numerous statements which have been consulted indicate, 
the general appearance and conditions of the range country have changed 
but little since the time when they were first explored by white men. ” (45) 

Succession and cycles* — The range studies of the past six years have fur- 
nished a complete explanation of the sharp difference in views as to the past 
conditions of overgrazing. There is no question that Smith, Wilcox, and others 
are correct in stating that there has been no essential permanent change in the 
composition and structure of the great grassland associations. On the other 
hand, it is equally certain that there have been great local or temporary 
changes, which critically reduced the carrying capacity, or actually destroyed 
the climax community. A broad view of the grassland climax would warrant 
the opinion that it had never undergone serious change, while the observation 
of a particular range would justify the statement that the original grasses 
were completely destroyed. This apparent contradiction is readily explained 
by the student of succession, as is likewise the fact that one observer may 
find good grass in the same locality where another had seen a barren waste. 
It is obvious that an area destructively overgrazed would be abandoned by 
grazing animals for an untouched portion of the same climax, and that the 
bare area would then pass through the various stages of succession to again 
reach the climax in 20 to 30 years. This is recognized by Wilcox (31) in 
connection with the overgrazing caused by buffalo: 

“These accounts indicate what would naturally be expected, viz, that 
where buffaloes congregated in immense herds the grass was totally destroyed 
for the time and the ground was much cut up or packed down, according as 
dry or wet weather prevailed. The result of such accumulations of large 
herds was the apparent total destruction of the grass. It should be remem- 
bered, however, despite the fact of apparent total destruction wrought by the 
buffalo along the line of their migration and during their close association at 
breeding seasons, the range recovered so that the evidence of their destructive 
grazing was entirely lost within a few years. This fact indicates also the 
possibility of range improvement at present. ” 

While great variations in the condition of the range can be explained by 
local overgrazing and subsequent recovery as a consequence of succession, 
further explanation can be found in the action of climatic cycles. The chief 
effect of the dry phase of the cycle was found in the impetus given to over- 
grazing, while the wet phase favored successional processes and hastened 
recovery. Climatic changes also serve to explain many of the contradictory 
statements as to the same locality. Even under ordinary conditions of graz- 
ing, the same area would be strikingly different during a drought period and 
the preceding or following wet phase. If it were visited at a time when 
drought and overgrazing coincided, and then at one in which more or less 
complete recovery were followed by a wet period, no greater contrast could 
be imagined. Moreover, while the effects of overgrazing were usually local, 
those of drought periods were general for the most part, and hence climatic 
cycles are especially important in furnishing the explanation of the discordant 
statements of explorers. The effect of drought in changing the dominants 
of the range is illustrated by the grassland south of the Niobrara River. In 
1893, this was dominated by Aristida purpurea and A. hasiramea as a result 
of drought and overgrazing, while by 1915 the awn-grasses had been com- 
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pletely replaced by the mixed prairie of tail-grasses and short-grasses, which 
was undoubtedly the original climax. 

Relations of tail-grasses and short-grasses —The explanation of the ap- 
parent replacement of buffalo grass by the bluestems, as well as the general 
replacement of tail-grasses by short-grasses, has been found in the effect of 
grazing upon such a mixed community. This effect is naturally increased by 
drought periods, and it is especially in connection with such periods that the 
impression of a permanent change arises. Mixed prairies of tall Andropogon 
or Stipa spartea with short BuJbilis and Bouteloua are found in central Ne- 
braska and Kansas, and also in the eastern Dakotas, while in western Nebraska, 
the Dakotas, Montana, and Wyoming they consist of Agropyrum or Stipa co- 
mata with BuJbilis, Bouteloua, or both of them. It is in these regions that the 
view has been more or less general that the tail-grasses have replaced the short- 
grasses as a consequence of the disappearance of the buffalo and the coming 
of man. This view has been held by so many keen observers, both practical 
and scientific, as to indicate that, it has an aclual foundation of fact. This 
has proved to be the case, but it was impossible to recognize the basic facts 
until the principles of successions were brought into use. A particular study 
of the effects of overgrazing upon mixed prairie with respect to wet and dry 
periods has been made since 1914. Thi' quickly revealed the fact that the 
short -grasses were often completely hidden by the tall ones in times of unusual 
wetness, sueh as 1915, and that overgrazing regularly brought the tail-grasses 
to the point of apparently complete disappearance during drought periods. 
These facts have been repeatedly confirmed in adjacent grazed and ungrazed 
areas throughout the mixed prairie from North Dakota to Kansas, and they 
are regarded" as furnishing a complete explanation of the apparent disappear- 
ance of the short-grasses and the invasion of the tall ones. 

There is general agreement as to the damage done to the range by buffalo, 
as well as to the enormous number found on the prairies and plains from 1865 
to 1875, when settlement was taking place most rapidly. In fact, the appli- 
cation of the term buffalo grass to the short-grasses is in harmony with the 
action of overgrazing in suppressing or destroying the tail-grasses. The 
westward movement of the buffalo and their decrease in numbers coincided 
with the incoming of settlers and the decrease of prairie fires. The im- 
mediate result was renewed growth of the tail-grasses, especially Andropogon, 
in areas where it had not been completely killed, and its invasion into others 
where it had disappeared. This tallies with the statement that the blue- 
stems followed in the wake of the settlers, and drove out the buffalo grasses. 
The error involved in this is best illustrated by the statements of Bell (1869 : 
1:26,43): 

“ Before we reached Salina, trees had become very scarce; but as we moved 
farther, the short tender buffalo grass gradually appeared — at first only here 
and there, but at last it abounded everywhere; and ever and anon we crossed 
the well-beaten path of the monarch of the plains. Doubtless no grass could 
bear so well the heavy tramp of thousands of buffalo continually passing over 
it; but it is a good tiling for the land that, as settlers advance and domestic 
herds take the place of big game, the coarser, more vigorous, and deeper- 
rooted grasses destroy it and take its place. These new-comers grow with 
great luxuriance, yielding very fine hay; and at the same time loosening the 
sod, opening up the soil, and retaining the moisture in the ground. ” 



A. Mixed prniiic of Andropogon-Boidcloua racanusu, and Bulhilix-Boaklauu gracilis, Wilson, 

Kansas. 

B. The same prairie in an overgrazed pasture, showing pure short -grass sod, Wilson, 

Kansas. 
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The route followed by Bell from Manhattan to Salma, Fort Barker, and 
Hays was retraced in 1918 for the express purpose of determining the relations 
of the bluestems and buffalo grasses. Both buffalo grass and grama were 
found on the ridges and upper slopes about Manhattan, though they were 
secondary to the tail-grasses in importance. This relation continued west- 
ward to the Dakota hills about Kanopolis, where the short-grasses became 
more abundant, equaling the tail-grasses, and mixed or alternating with them. 
This general condition continued to Hays, but with the short-grasses increas- 
ing in abundance. Beyond Hays, they soon became controlling, though the 
rough bluffs along the streams maintained their mixed cover. Throughout 
the region from Kanopolis to Hays, overgrazed pastures exhibited a pure 
short-grass cover, while protected or less grazed areas showed a mixture of 
tail-grasses and short-grasses. It is clear that the short-grasses could not 
have been replaced by the tall ones as a consequence of settlement, and then 
have reentered the same areas under conditions of increasing cultivation. The 
obvious explanation is that while they have been associated in the mixed 
prairies for thousands of years, the tail-grasses were kept down by the buffalo 
in the zone of concentration resulting from advancing settlement. They 
reappeared with the going of the buffalo, and the disappearance of the buffalo 
grasses was nothing more than their being overtopped by the bluestems 
(plate 80). 

Drought periods doubtless played a part in the behavior of the bluestems 
and buffalo gra ses, as they certainly did in the mixed prairies of Nebraska 
and the Dakotas. In 1893 the gumbo plains north of the Niobrara River 
were dominated chiefly by Bulbilis and Bouteloua gracilis , as a consequence of 
excessive drought and overgrazing. In some places a pure cover of Bulbilis 
stretched for many miles, almost unbroken by societies. This region has 
been revisited several times from 1915 to 1918. The stretches of buffalo grass 
and grama have disappeared, and in their stead is a mixed prairie of Andro- 
pogons, Agropyrum, and Stipa, below which is a more or less well-developed 
layer of short-grasses. The drought of 1893-95 had a similar effect upon the 
mixed prairies of western Nebraska, in which Stipa was the most conspicuous 
dominant. This disappeared so completely, leaving a pure short-grass cover, 
that it was regarded as a new grass invading for the first time when it re- 
appeared in great quantity during the rainy years of 1897-98. Williams 
(1898 : 54) has shown that dry periods have the same effect upon the appear- 
ance of Agropyrum in the mixed prairies of the Dakotas. It was thought 
that the tail-grasses might again disappear apparently during the drought 
period of 1916-18, but this took place only in overgrazed pastures, showing 
that overgrazing is an essential feature. 

Overgrazing cycles.— The existence of cycles of overgrazing is beyond ques- 
tion, and it is possible to recognize several kinds. The simplest and shortest 
is brought about by such destructive overgrazing that the area will no longer 
support the animals upon it. In the case of wild animals, such as the buffalo, 
horse, etc., the herds sought a new range, while on restricted areas the cattle 
died from starvation or were shipped out. In either event the grasses were 
given an opportunity to regenerate, or in the worst cases the processes of 
succession brought about a gradual return to the original conditions. Such 
overgrazing cycles correspond to the cycle of a subsere, and are relatively 



310 


GRAZING INDICATORS. 




,S: 


short, lasting 10 to 15 years on an average. Such ^c^cles^ also oceu^ 
Srti°SfcfoIteXuT«ot period, namely, 22 to 23 years. 

s^SSH&s^SS 

cover unless again disturbed by overgrazing. It is 

overgrazing, such as are involved in the permanent migration of great herds 
fromone region to another, or in the appearance of new species 01 S^ups of 
Sng aSs. Some such cycle must have marked the remtroduction and 
S3 “the horse over the plains of the Southwest. The consideration of 
S cycles is beyond the scope of the present treatment, and is reserved for 

“The riSStion of past and present cycles of overgrazing is of great practical 
importance. Its greatest value lies in the certainty that a range will return 
n/normal condition once it is given a chance to regenerate. It also empha- 
sizes the fact that it usually takes several to many years to really wear out 
a range and that the rate of recovery is roughly proportional to the length 
nf ?hfneriod of overgrazing. All the statements agree as to the excessive 
damage^done to the mnge by buffalo, but it seems certain that the more or 
Je«s complete rest which followed brought about a fair degree of recovery m a 
few yearn 0 This is not an excuse for overgrazing, since the latter always 
involves a distinct economic loss, the amount depending upon the perio 
Z tie intensity, but it does make it clear that all 

certainly and greatly improved by proper rest or rotation. This is the basis 
of all range improvement, as is shown in some detail m the next secaon. 

RANGE IMPROVEMENT. 

History 1 .— The first proposal to improve the ranges of the West by rotation 
grazing was made by Smith (1895:323), although suggestions for their im- 
provement bv planting cultivated species had been mgde by Bessey (188/, 
X 1897 ), Georgeson (1895), and others. It is probable that the first 
suggestion as to the good effects of resting the range came from the ranchmen 
(Williams, 1898: 721, and it is not impossible that the practice of the buffalo 
in leaving overgrazed regions had also led to this conclusion. In his two 
papers of 1895 and 1899, Smith outlined the major features of range improve- 
ment, while at the same time Williams (1897, 1898) proposed those which had 
to do with the artificial treatment of the range. The system advanced by 
Smith comprised (1) proper stocking, (2) rotation, (3) adequate water de- 
velopment, (4) destruction of rodents, (5) destruction of weeds and cacti 
(6) diskin g the soil, (7) sowing and planting, (8) provision of forage, and (9) 
winter protection. He was also the first to organize definite grazing experi- 
ments to determine carrying capacity and the effects of rotation. The method 
suggested by Williams involved (1) proper stocking, (2) harrowmg the soil, 
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(8) top-dressing with stable manure, (4) sowing wild or cultivated forage 
plants, (5) keeping weeds mowed, (6) water development, (7) rest. Since the 
work of these two pioneers in range improvement, the subject has been dis- 
cussed more or less completely or from various sides by Bent-lev (1898, 1902), 
Nelson (1898), Shear (1901), Griffiths (1901, 1902, 1903, 1904, 1907, 1910), 
Davy (1902), Cotton (1905, 1908), Wooten (1908, 1915, 1916), Sampson 
(1908, 1909, 1913, 1914, 1918, 1919), Jardine (1908, 1911, 1912), Thornber 
(1910, 1914), Wilcox (1911), Barnes (1913), Darlington (1915), Barnes and 
Jardine (1916), Potter (1917), Jardine and Hurtt (1917), Clements (1917, 
1918, 1919), Sarvis (1919), and Jardine and Anderson (1919), 

The first experimental study of grazing was carried on at Abilene and 
Channing, Texas, from 1899 to 1901 by Smith and Bentley (p. 20). Experi- 
ments under practical grazing conditions have been made on the Jornada and 
Santa Rita Range Reserves of the Forest Service for the past seven years. 
Intensive studies in smaller pastures and hence under closer control have 
been carried on by the Office of Dry-Land Agriculture at Mandan, North 
Dakota, since 1915, and at Ardmore, South Dakota, since 1918. Both the 
field and experimental studies have conclusively demonstrated the essentials 
of range improvement and have made it possible to outline a complete system 
based upon investigation as well as practice. 

Prerequisites. — In addition to the actual processes concerned in improving 
the range, certain factors are prerequisite to any improvement or necessary 
for the best results. By far the most important of these is adequate control, 
without which improvement is all but impossible. It is immaterial whether 
control is secured through ownership or leasing, provided it permits fencing. 
However, leasing has the indirect advantage that it enables the State to exact 
certain conditions as to utilization. The value of control in preventing over- 
stocking and permitting rotation is obvious. Next in importance is a practi- 
cal appreciation of the inevitable recurrence of dry and wet periods and their 
critical effect upon the range. It is imperative that the ranchman be pre- 
pared to reduce the pressure upon his range as the dry phase of the climatic 
cycle approaches and that he be ready to take full advantage of the excess 
carrying capacity of the wet phase. In fact, the whole system of improve- 
ment must be focussed upon the destructive effect of overgrazing in dry years 
and the possibility of greater utilization and of successful sowing and planting 
during wet years. Furthermore, there must be some recognition of the 
universal processes of succession and their importance in regeneration. It is 
necessary to take into full account the fact that destructive overgrazing, 
trampling, and other disturbances will destroy the grass communities and 
make place for one of weeds. Even more important is the recognition of the 
fact that weed communities will be maintained indefinitely by continued 
overgrazing or disturbance, or that they will slowly give way to the returning 
grasses if the area is protected for a time. In short, an elementary under- 
standing of successional processes furnishes a tool for manipulating the graz- 
ing cover more or less as desired. Finally, a trustworthy idea of the con- 
dition and tendency of the range is impossible without adequate methods of 
measurement. In practice, such methods can best be supplied by indicator 
plants, and by a careful check upon the condition of animals when they enter 
and leave the range. In both investigation and demonstration, however, 
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more accurate measurements are necessary, especially in connection with the 
varying carrying capacity of wet and dry periods. Changes m composition 
and variations in production year by year can be determined only by the 
use of permanent quadrats. Some of these are charted, while others are 
clipped and the herbage weighed. The most significant measurement, how- 
ever, is that furnished by weighing the individual animals from month to 
month, or at the beginning and end of the season. 

Essential factors.— Range improvement may be effected in some degree by 
any one of a large number of processes. Thoroughgoing improvement, how- 
ever, must take them all into account, in so far as they are concerned in a 
particular range. It is obvious that some of these, such as proper stocking 
and rotation grazing, are of universal importance, while others, such as the 
eradication of prairie-dogs or poisonous plants, apply only to certain ranges. 
The essential features of the complete system of range improvement proposed 
here are: (1) proper stocking; (2) rotation or deferred grazing; (3) eradication 
of rodents, poisonous plants, weeds, etc.; (4) manipulation of the range by 
clearing, burning, etc.; (5) improving the cover by sowing and planting; (6) 
forage development; (7) water development; (8) herd management. Con- 
tributing factors are found in classification and range surveys, the economic 
aspects of ranch management, and an adequate land system. Practically all 
of these have been regarded as more or less essential to range improvement 
since the first proposals of Smith, 25 years ago, and the present treatment as- 
sumes only to correlate them more closely and to work some of them out in 
greater detail. The distinctive features of the system are the use of climatic 
cycles and succession as universal bases, the employment of indicator plants, 
the use of inclosures and exclosures together with permanent quadrats as 
measures, and the development of new methods of manipulating and modify- 
ing the range, especially in the production of mixed grazing types. 

Proper stocking. — The primary objeet of range improvement is to secure 
and main tain the maximum carrying capacity. The chief factors in this are 
proper stocking and rotation grazing. The optimum degree of stocking, how- 
ever, can be determined only by actual trial accompanied by measurement of 
the results. Such trials can be made by the ranchman himself wherever he 
has control of his range, but until their necessity becomes generally recognized 
they must be made for the different grazing types by the experiment stations 
and similar agencies. The investigation of carrying capacity by actual 
grazing test can be made by either the extensive or intensive method. The 
first is more, practical on ranges as they exist; the latter is more accurate and 
demands a greater equipment. The results of an extensive study of carry- 
ing capacity on the Jornada Reserve have been brought together by Jardine 
and Hurtt (1917 : 12). Eight different grazing types occur on the reserve 
and the carrying capacity varies greatly for the different communities. Per- 
manent quadrats were employed to determine variations in yield from year 
to year, as well as the rate of increase under rotation or protection. Since 
both rotation and reserve grazing were necessarily practiced, no definite 
studies were made of the basic carrying capacity under full grazing for the 
entire season. Such studies are possible only under the intensive method 
and in an essentially uniform type. Their great value lies in makin g it pos- 
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sible to check the assumed optimum carrying capacity by rates of grazing 
which reveal both over- and under-utilization, and in demonstrating the 
additional gain resulting from rotation methods. Installations for the inten- 
sive study of cariying capacity and rotation grazing have been made by the 
Office of Dry-Land Agriculture at Mandan and at Ardmore. Both are 
located in the mixed prairie, the one in Stipa-Boutelmia, and the other in 
Bulbilis-Agropyrum-Bouteloua. Since the methods are essentially alike, it 
will suffice to describe briefly the experiments at Mandan, which have been 
under way since 1915. 



Fig. 22. — Pastures for the intensive study of carrying capacity and rotation 
grazing, Mandan, North Dakota. After Sarvia. 


There are four pastures for the investigation of carrying capacity under 
continuous grazing, two for rotation grazing, a reserve pasture, and one for 
the study of hay development (fig, 22). At Ardmore two pastures are de- 
voted to continuous grazing and the same number to rotation. The four 
pastures contain respectively 30, 50, 70, and 100 acres. Since each pasture 
is grazed by 10 two-year-old steers, the corresponding rates of grazing are 
1:3, 1:5, 1:7, and 1:10. Each pasture contains an exclosure termed an 
isolation transect (fig. 23), which is 300 feet long and 60 feet wide. This con- 
sists of three strips, of which the central one, P, serves as permanent transect 
for annual comparison with the grazing and regeneration transects on either 
side, as well as for the installation of permanent quadrats of various types. 
One unit of the grazing transect, (?, is unfenced for each year of the climatic 
cycle, while one of the regeneration transect, R, is fenced for each successive 
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vear of the cycle. The central position of the permanent transect permits 
ready comparison between the protected area and those fenced and unfeneed 
for each successive year, as well as actual measurement in all three areas by 
means of chart and clip quadrats. Similar quadrats are located in the open 
pasture, thus completing the measurement of all areas year by year. It is 
evident’ that the grazed transect will also show in series the effects of uufencing 
for 14, 13, etc., years down to 1, and that the regenera- G P R 
tion transect will show those of fencing for a similar series of r [ q 
years. Finally, special quadrats are located in the transect iJia 

to reveal the effects of burning or clipping at various times 1920 1920 

and intervals. 

With reference to the cattle to be used, it is necessary 1921 1921 

that they be of the same breed, age, and class, and in as — — 

nearly the same condition as possible. It will _ probably 
prove desirable to determine the carrying capacity of the I etc. I etc. 

same grazing type for different species, as well as for dif- — - 

ferent "breeds, etc., but this will require pastures of the same 
size and involves an expansion of the work which is un- 

necessary at present. The cattle are weighed at the begin- ^ 

ning and end of the grazing season and at monthly intervals c 

during it. This is accomplished by means of four corrals, one » 

for each pasture, leading to the scales for weighing (fig. 24). 

A special method of management has been developed for “ 

handling the cattle in the pastures and at the times of weigh- 

ing. the main details of which have been given by Sarvis 

(1919). The detailed results of the experiment have not 

yet been published, but the evidence furnished by the 
various pastures, in terms of cover and indicator plants, has 

been most striking (plate 81), and these have been verified 

by the behavior and weights of the different herds. 

Rotation grazing. — First suggested by Smith in 1895 and 
begun experimentally by him and Bentley in 1899, rotation i I 

grazing has been developed chiefly by the Forest Service 60 

since 3910. The scientific basis for deferred and rotation transecTformeast 
grazing was largely developed by Sampson (1908, 1909, uring cyclic 
1913), and it has been applied to actual grazing on the 
national forests. It has had its most thorough demonstra- Sd under grazing! 

tion on the Jornada and Santa Rita Range Reserves, but 
especially on the former. Pastures for the study of rotation were installed 
at the Mandan and Ardmore stations in 1918, but conclusive results can not be 
expected for several years. Rotation grazing is an inclusive term which is 
regarded as applying to all methods of alternate grazing and rest, partial or 
complete. Deferred grazing is the type in which the pasture is completely 
protected or only lightly grazed during critical periods in the life-history of 
the chief dominants. This is usually the period of seed-production, but on 
certain types it may fall at the opening of the growing season. Reserve 
grazing is that in which a pasture is kept in reserve for emergencies, especially 
those due to drought, or where the grazing during the season, though uniform, 
is sufficiently light to permit a fair amount of seed to be produced. 


60 ft. 

Fig. 23. — Isolation 
transect for meas- 
ur ing cyclic 
changes in yield 
under protection 
and under grazing. 
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The classic experiment in rotation grazing is that carried on by the Forest 
Service in cooperation with Mr. G. P. Turney on the Jornada Reserve near 
Las Cruces, New Mexico. This has been described in detail by Jardine and 
Hurtt (1917 : 28), and their conclusions as to range improvement by natural 
revegetation are given here: 

“Primarily as a result of (1) reducing the number of stock during the main 
growing season of about form months— July to October— to about half of the 
average number the area will carry for the year, (2) not overstocking during 
the other eight months, and (3) better distribution of stock watering places, 
grama-grass range on the Jornada Range Reserve has improved in three 
years at least 50 per cent as compared with similar adjoining unfenced range 
grazed yearlong. 



Fig. 24. — Arrangement of corrals, sheds, and scales, Hand an, North Dakota. 

After Sands. 


“On fenced grama-grass ranges of the Southwest where the stock are car- 
ried mainly on range feed throughout the year, light stocking during the 
growing season is profitable. It will probably not reduce the total animal- 
days feed furnished on a given area during the year, and will reserve feed for 
the critical period from February to July, and later in case of prolonged 
drought. 

“Where the whole of a range unit is made up of grama or similar grass, 
about one-third of the area should probably be reserved for light grazing 
during the growing season two years in succession. Each third in turn should 
be given as nearly as practicable this amount of protection. By light grazing 
is meant grazing by not more than half the average number of stock that the 
area will carry for the year as a whole. ” 
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Rodent eradication.-— Smith (1899 : 15) was apparently the first to emphasize 
the damage done by rodents to the range and to urge the systematic extermi- 
nation of prairie-dogs and jack-rabbits. While much has been said and 
written on the control and extermination of prairie-dogs in particular since 
1900, effective campaigns against these and other rodents are recent develop- 
ments. During the last five years especially, the Biological Survey has 
carried on systematic and effective work in the eradication of both prairie- 
dogs and ground-squirrels, in cooperation with various States, as well as with 
the Forest Service and with private individuals (Bell, 1917; Lantz, 1918). 
In addition, California has organized an extensive campaign through its 
Rodent Control Section. It has also come to be recognized that jack-rabbits 
are often exceedingly destructive to the range, and the work of Vorhies (1919) 
has shown that the kangaroo-rats of the Southwest must also be included 
. among the major pests. While various methods have been used to extermi- 
nate or control rodents, that of poisoning has become the standard, because of 
its economy and efficiency. However, it has become clear that complete 
eradication is possible only through poisoning for two or three successive 
seasons, and that re-immigration can be controlled only by dealing with large 
and more or less natural areas and by the extermination of invading colonies 
from time to time. 

The absence of accurate knowledge as to the amount and kind of damage 
done to the range by rodents, and especially of the rate and degree of recovery 
in various types after eradication, led the writer to suggest the desirability of 
cooperative studies to the Biological Survey, the Forest Service, and the Uni- 
versity of Arizona. As a consequence, fenced areas for such investigations 
were established in 1918 in the Bouieloua-Aristida grassland of the Santa Rita 
range reserve and in the Bouteloua gracilis climax of northern Arizona near 
Seligmann and Williams. The latter were designed to study the recovery 
after the eradication of prairie-dogs, while the former were to permit a more 
intensive study with reference to jack-rabbits, and especially kangaroo-rats, 
which had just been shown by Vorhies to cause even more serious damage. 
A series of three exclosures was installed in the Bouteloua rothrockii-Aristida 
calif arnica type of the reserve (plate 82). The first was fenced against both 
rodents and cattle, and the second and third against cattle alone, but differing 
in that the rodents were killed out of one. A second exclosure was established 
in the Bouteloua eriopoda-Aristida divaricaia type, which was also fenced 
against rodents and cattle. For the sake of a direct determination of the 
amount of forage consumed by jack-rabbits and kangaroo-rats, two inclosures 
were located in one of the best areas of Bouteloua rothrockii , In one of these 
were placed two rabbits, in the other two kangaroo-rats. Permanent quad- 
rats were located for measuring the effects in the various inclosures as well qp 
in the pastures by means of charting and clipping. The critically dry sum- 
mer of 1918 almost completely prevented the growth of grass and summer 
annuals, and practically all quadrats contained less growth in the fall than in 
the spring. The winter rains were nearly normal and so well distributed that 
the growth of winter annuals was exceptional. As a consequence, the various 
fenced areas showed striking improvement in total production over the 
pastures. This was not only true of the cattle-proof exclosures, but of the 
rodent ones likewise, proving that the rodents also take heavy toll from the 
winter annuals as well (plate 82, b). 
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Special studies were made of the life history and food habits of the kangaroo- 
rat in particular, and the latter were found to have a decisive bearing upon the 
dominance of the grasses (Vorhies, 1919). Burrows excavated in the winter 
of 1917-18 showed that the kangaroo-rat stored large amounts of food and 
that this consisted chiefly of the spikes of Bouteloua . Those excavated in 
1918-19 exhibited no grass spikes, owing to their failure to form during the 
drought of the preceding summer, but the bulk of the stored food consisted of 
the crowns of Bouteloua rothrockii. When the size of the denuded area about 
each burrow is taken into account, it is readily seen that the damage done by 
kangaroo-rats is exceedingly serious, especially in periods of drought. While 
they occur throughout the desert scrub, it seems probable that the majority 
have migrated upward into the desert plains as the grasses were eaten off at 
the lower levels. The persistence of the grasses in sheltered spots and their 
reappearance in fenced areas in the desert scrub suggests that they can be 
successfully reintroduced into the deserts about Tucson after the kangaroo- 
rats have been exterminated. The rats which persist in the desert now live 
in part upon the shrubs, it seems, and in consequence the latter are now being 
killed out over great stretches from Ajo to Yuma and beyond. 

In addition to the major pests, the pocket-gopher, wood-rat or pack-rat, and 
several of the field mice do more or less damage to the range. The gopher 
damages the range by eating grass roots and disturbing the soil with his 
burrows, but the injury is usually restricted to small areas. The pack-rat 
lives on leaves of Yucca by preference, especially Y. radiosa and Y. arbor escens, 
and may do considerable damage in regions where these are important sup- 
plementary forage. In the desert scrub and plains, it seems to feed largely 
upon various species of Opuntia , which are heaped up about its nest (plate 72). 

Eradication of poisonous plants. — The loss of range stock from eating poison- 
ous plants is so evident and often so serious that the importance of its pre- 
vention requires no argument; The chief difficulty in the way lies in the 
general ignorance of poisonous species and of the best methods of dealing with 
them. Quite apart from their poisonous properties, such species are usually 
undesirable weeds which compete successfully with the grasses and thus re- 
duce the carrying capacity of the range. As a consequence, eradication is 
theoretically the most satisfactory way of dealing with them, but this is per- 
haps economically possible only in small pastures and other local areas. 
Where they grow over hundreds of square miles, as in the case of the loco- 
weed, Aragalus lamberii , on the plains and foothills along the eastern front of 
the Rocky Mountains, eradication is practically impossible under existing 
conditions, and controlled grazing is the only practicable method of preven- 
tion. Marsh (1918: 21) has stated: 

“Most of the losses from poisonous plants occur at times when the animals 
are short of feed and the larger part of the stock poisoning is indirectly due 
to scarcity of proper forage. This fact of the intimate relation of scarcity 
of feed to stock poisoning can not be too strongly impressed upon the people 
who handle range animals in the West. There is apparently a popular idea 
that range animals will voluntarily seek out poisonous plants and eat them by 
preference. It may be stated as a general fact that this is not true. Animals 
seldom eat poisonous plants except as they are driven to do so by the lack of 
other food. Almost all poisonous plants are actually distasteful to live-stock 
and under ordinary circumstances will be avoided. The only exception to 
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this, perhaps, is the group of loco plants. Animals do frequently acquire a 
taste for loco and under some circumstances will eat nothing else, even in the 
presence of other forage; and yet the initial feeding in the case of loco plants 
is almost invariably brought about by the scarcity of food. 

“It has long been known that loco eating is ordinarily commenced in the 
winter season or in the early spring, when the loco plants are green and lus- 
cious and before the grass has started. The loco plants at that time are the 
most prominent plants on the plains and animals commence to eat them be- 
cause of lack of other food. In the matter of other plants, the relation be- 
tween starvation and the eating of the poisonous plant is still more marked. 
For instance, the larkspurs spring up immediately after the snow leaves the 
mountains and grow much more rapidly than the surrounding grasses, and if 
cattle are allowed to go up to the upper ranges before the grasses have had a 
fair start they find already occupying the ground the succulent larkspur 
plants in large numbers. Sometimes the cattle come from dry winter feed 
and are anxious to gorge themselves with any green material they find. Under 
such circumstances, if they come upon a field of larkspur they frequently eat 
enough to produce fatal consequences. Later in the season there is very 
much less danger from larkspur because of the abundance of other food. If, 
however, cattle are driven from one range to another and the trail passes 
through a mass of tall larkspur, it is not at all unusual for the hungry animals 
to grab hastily at the plants and this may result in disastrous consequences. 
Under such circumstances it is important that the cattle shall not be driven 
rapidly, for they will snatch all the more, and they should also have been 
thoroughly fed before going on such a drive. 

“It is also evident from what has been said earlier in this paper, that if 
cattle can be kept off fields of larkspur until after the plant has blossomed, 
little trouble may be expected. This method has been employed for many 
years in Colorado, where it is a common practice to “ride for poison,” as it is 
called; that is, the herders ride and keep the cattle down from the higher 
ranges until the larkspur has blossomed and matured, after which there is no 
further danger. The same thing has been accomplished in certain regions by 
putting up drift fences which are designed to keep the cattle on the lower 
ranges until the danger is past. There are valleys known as death traps for 
cattle. Frequently it will be found that in these valleys the tall larkspur is 
thriving in large clumps and cattle drifting in will feed freely upon it. It is 
often possible, under such conditions, to clear out this larkspur or enough of it 
so there will be no danger. In order to kill the plants the roots of most species 
should be cut off at least 6 or 8 inches below the surface. 

% “The losses of sheep from death camas ( Zygadenm ) occur under very 
similar conditions to those of cattle from larkspur. Zygadenm grows very 
early in the spring. It precedes the grasses in its growth and is present in a 
succulent condition at a time when other forage is extremely scarce. Inas- 
much as it occurs frequently in large masses, if sheep are trailed over these 
places they are liable to get enough to cause heavy losses. It is particularly 
important in the handling of sheep in such localities that, if possible, they be 
grazed in loose order. When the animals are massed together, they will eat 
everything in their course, and because of jealousy will take particular pains 
to get every available plant. 

“This applies equally well to lupine poisoning. When sheep are allowed to 
feed freely upon a lupine patch and are moved without haste, no harmful 
results will occur. If, however, they are massed together and driven in close 
formation over such a patch, they are almost certain to be poisoned if the 
plants are in pod at the time. The remedy in such cases clearly is to see that 
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the sheep, when it is necessaiy to trail them through a patch of lupine, are 
drifted rather than driven, and that they are well fed when they come upon 
this locality. It seems probable that intelligent handling of bands of sheep 
may reduce to almost nothing the losses occasioned by Zygadenus and lupine. 
If, however, hungry sheep come in contact with fields of Zygadenus in the 
spring or with fields of lupine in the late summer and fall, at a time when the 
plants are bearing pods, fatal results must be expected. ” 

Poisonous plants can be eradicated or kept down to a point where they are 
not dangerous in various ways. The most thorough and likewise the most 
expensive is that of grubbing out the roots. At the Utah Experiment Station 
of the Forest Service, Sampson has found that cutting or mowing two or three 
times during the first growing season and once or twice the second prevents 
storage in the rootstocks and leads to the dying-out of the plants. Where 
the ground is not too uneven or covered with brush, it is much cheaper than 
grubbing, and nearly as efficacious. Sheep have also been used to graze off 
larkspur on cattle ranges, and it appears probable that overplanting with 
vigorous innocuous species during favorable seasons would largely eliminate 
poisonous plants as a result of competition. 

Aldous (1917:22) has summarized the results of the methods of grubbing 
out and grazing off larkspur on the national forests: 

“ Grubbing out the plants is the most feasible method of preventing loss 
of cattle from tall larkspur poisoning. The first grubbing costs from $3.65 
to $10.10 per acre, the cost depending upon (1) the number of plants per acre, 
(2) the texture of the soil, and (3) whether or not the plants are growing in the 
open or in willows or other brush. The cost of the second grubbing should 
not exceed $1 per acre. Extensive eradication on four forests has been done 
at a cost of less than one-half the value of the cattle saved annually. An 
average of 93 per cent of the plants in the experimental work and of from 80 
to 95 per cent in extensive work were killed by the first grubbing. By a 
regrubbing of the area one year after the first grubbing practically all of the 
larkspur plants were killed. 

“The use of sheep to graze off larkspur-infested cattle range has a limited 
application. Its success depends (1) on the palatability of the larkspur, (2) 
the availability of sheep to graze the infested area at the proper time, and (3) 
whether the infested areas furnish sufficient forage to justify trailing sheep to 
them.” 

On the lower ranges, especially those of the grassland climax, overgrazing 
is either a direct or a contributing cause of stock poisoning. This is naturally 
the consequence of the disappearance of the more palatable species and the 
correspondingly greater abundance and attractiveness of the poisonous weeds. 
Since the evil effects of overgrazing are most in evidence during the dry phase 
of the climatic cycle, methods of control and eradication should be focussed 
especially upon drought periods. For example, the grubbing out of plains 
larkspur or loco would be a simpler matter at the end of a drought period, and 
the grasses would be enabled to develop a much more effective competition 
during the ensuing wet period. 

Eradication of weeds and cacti.— It has been repeatedly shown that annual 
herbs are replaced in the course of succession by perennial ones, and these to a 
large degree by grasses. The weedy nature of the annuals is evident, but 
perennials are often also to be regarded as weeds in a grass range, especially 
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one used by cattle or horses. Under climax conditions, the grasses are able 
to maintain their dominance in competition with the herbs, but in the case of 
overgrazing or other disturbance, the latter gradually get the upper hand. 
When the area is protected or the grazing reduced, the advantages of the grass 
life-form again come into play in the competition, and the herbs disappear or 
become subdominant. As a consequence, the best method of eradicating 
weeds is by protection or regulated grazing. Complete protection is more 
rapid in its” effects, but it is usually out of the question. Regulated grazing 
is the most practicable method as a general rule, but it is sometimes too slow 
in operation, or the area is too thoroughly dominated by weeds to permit it. 
This is particularly the case with areas densely covered with prostrate species 
of prickly pears, such as Opuntia mesacantha and 0. polyacantha, or with 
half-shrubs, such as Gutierrezia. 

When it is desired to get rid of annual weeds more rapidly than by means of 
regulated grazing, they may be grazed off by sheep, especially where mixed 
grazing is practiced. They may be greatly reduced by burning at the time 
when their seeds are ripening, and they may even be mowed where the area 
permits. During favorable seasons, their disappearance may be hastened by 
overplanting with more vigorous species, especially perennials, which increase 
the natural rate of succession. Perennial weeds are more difficult to get rid of, 
since they are less affected by burning or mowing, and it is too expensive to 
grab them out on the range as a rule. Fortunately, the most serious pests 
are cacti and half-shrubs, which lend themselves to various methods of clear- 
ing. Since cacti furnish succulent forage when more or less spineless, the 
most satisfactory method of eradication is by burning, when the tract con- 
tains enough grass to permit this, or by singeing with a torch when the area 
is almost pure. Once the spines are removed from the prickly pears, they 
will be grazed down to the ground by cattle, and in a few years will practically 
disappear from the range if overgrazing is prevented. Halfshrubs, like other 
weeds, can best be eliminated by protecting the areas or grazing them lightly, 
but many ranges are so densely covered with Gutierrezia or Isocoma, for ex- 
ample, that other methods must be employed. Since these rarely root- 
sprout, burning is the quickest and most economical method, though in small 
areas they may be cut out with profit. 

Eradication of brush. — The range value of brush is determined primarily 
by its palatability, but it depends in a large measure also upon whether it is 
pure or mixed with grass. As has already been emphasized, a range made up 
of grass and browse in more or less equal degree permits mixed grazing and 
furnishes the best insurance against drought and other disasters. The 
burning of unpalatable brush to clear the ground for herbaceous growth seems 
to have been long practiced in California, and it has also been employed to 
maintain the stand of grass against the encroachments of shrubs in mixed 
types. In the case of the Coastal chaparral, the dominants form root-sprouts 
in great abundance and repeated burning is necessary to maintain the herb 
cover. This is less true as a rule in the Petran type, where burning is chiefly 
important in enlarging the grass areas, as is the case likewise in the subclimax 
chaparral of Texas. In the typical savannah of the Southwest, the mesquite 
and its associates are kept down by burning and the grassland climax favored. 
In the case of sagebrush, grazing by cattle favors the shrubs at the expense of 










RANGE IMPROVEMENT. 


821 


the grasses, and the latter can be maintained only by some practice which 
handicaps the brush. Since Artemisia and its associates usually form few 
root-sprouts, fire furnishes the simplest way of restoring the balance from 
time to time. Clearing is even more effective, but out of the question because 
of the expense. Sagebrush may also be driven out by the grasses where 
irrigation or flooding occurs, but this is . rarely feasible in range practice 
(plate 83). 

Manipulation of the range. — Fire is but one of several processes which may 
be used to bring about modifications of the forage cover. In addition to the 
similar process of clearing are (1) cultivating, (2) irrigating, (3) fertilizing, 
(4) cutting and pruning, and (5) sowing and planting. Besides its use in 
handicapping scrub in mixed types, fire is of especial value in destroying the 
old stems of bluestems and bunch-grasses, and making the new 7 growth avail- 
able for grazing. Throughout the grassland climax from Canada to Mexico 
occur frequent and extensive areas of Andropogon which are utilized little or 
not at all, except when hunger drives the cattle to graze them during drought 
years. However, when the dead stems are burned in the winter or early 
spring, the new growth is readily eaten, and with proper management the 
bluestems and similar coarse grasses can be kept in constant commission in 
the grazing practice. There is still a wide difference of opinion as to the ordi- 
nary effect of fire upon grassland, and this is one of the many grazing problems 
which need exact investigation in various types. Theoretically the burning 
of prairie every few years should constitute a desirable practice, if the year 
and season are chosen in such a way as to avoid injury to the underground 
parts. In the short-grass and desert plains, fire would probably always do 
more harm than good, owing to the dry soil and the certainty of injuring the 
roots and rootstocks. Annual fires in grassland are probably always harmful, 
especially in regions where less desirable annual species are present. Fire 
has undoubtedly played a large part in the spread of Bromus tectorum and re- 
lated species, as well as of Arena fatua, and it now is largely responsible for 
maintaining them against the perennials. However, in the regions where 
Arena is a desirable range or hay grass, fire is of value, since this annual would 
slowly yield to other dominants if fire and other disturbing agents were re- 
moved. Apart from farming operations, clearing is practicable only in the 
case of particular species and over limited areas, as has already been noted 
for poisonous plants. In such cases, grubbing, cutting, and mowing are all 
modifications of clearing, which are of restricted application. In the case of 
browse plants, however, cutting and pruning offer means of increasing the 
amount of fresh browse, as well as its accessibility. These again are methods 
for small areas, but they promise to have real value in the case of such shrubs 
as the salt bushes, oaks, mesquites, catclaws, etc. 

The improvement of the range by the use of some of the methods of culti- 
vation has been tried from time to time. The first experiments in the appli- 
cation of surface tillage to the range were those of Smith (1899 : 20) and 
Bentley (1901:18), which led to the conclusion that it would be profitable to 
cultivate pastures with disk and iron-tooth harrows, especially in the semi- 
arid regions. While the practice of stirring the surface soil and loosening up 
the root-bound sod has been frequently recommended (Georgeson, 1895:43; 
Williams, 1897; cf. Thornber, 1910: 324), it has never been adopted for many 
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reasons, chief among them the labor and expense involved and the great 
difficulty of applying intensive methods to large areas. This is equally true 
of the application of fertilizers to increase the growth of grasses, and of the 
use of irrigation. The application of manure to worn-out pastures was a 
logical extension of good farm practice, and there is little question that the 
composition as well as the yield of native and artificial pastures can be varied 
more or less at will by the scientific manipulation of different fertilizers 
(Skinner and Noll, 1919). However, such methods are limited to pastures 
in which intensive yields are possible, and are not applicable as yet to even the 
smaller pastures of climax grassland. Irrigation has a somewhat broader 
application to western ranges, because the lack of water is the chief limiting 
factor to production. The cost of irrigation, however, is regularly too great 
to permit its use, except in restricted areas, where an exceptional production 
can be obtained. Even in the majority of such cases, the forage is worth 
more as hay, and is handled in that form. 

Plant introduction on the range.— The sowing or planting of desirable native 
or cultivated species on the range has universally been suggested and often 
attempted. One of the earliest trials was that of Georgeson (1895: 43), who 
sowed a mixture of perennial grasses, clover, and bluegrass in the prairie near 
Manhattan, Kansas. The tame grass made a splendid growth early in the 
season, but by autumn it had everywhere yielded to the native dominants. 
Bentley (190i: 16, 30) made extensive tests of native grasses when sown or 
transplanted in the native cover. Transplanting gave much the best results, 
practically all the native dominants establishing themselves successfully when 
due care was taken as to the time and method of transplanting. The most 
extensive series of experiments in seeding native grassland have been carried 
on in the Southwest by Griffiths, Thornber, and Wooton between 1900 and 
1915. As this is the most trying region for the introduction of new plants, it 
affords the best idea of the difficulties involved. Griffiths has summarized 
the results of seeding operations on the range reserves near Tucson, as follows: 

_ “ Experimental work carried on thus far in attempting to introduce peren- 
nial forage plants upon the mesas has given very little encouragement. Pani- 
cum texanum, an annual, has given the best results of anything thus far intro- 
duced, and it is believed that more success will be secured with annuals than 
with perennials. They are not as good feed, but short-lived plants with good 
seed-habits now furnish the main feed upon the mesas (1904: 61). 

“Many attempts have been made to introduce forage plants in this section, 
both in the large enclosure and upon the holdings of private individuals. 
There is but one species, alfilerilla ( Erodium cicutarium), that has given any 
beneficial results. In all, 200 species of forage plants have been tried in this 
enclosure. Many native species were tried, but the vast majority used were 
of foreign introduction. At one time the Office of Forage-Plant Investigation 
of the Bureau of Plant Industry furnished more than 100 varieties for testing. 
In some cases the seed was covered and in others scattered without any further 
attention. The plan has been, whenever the quantity of seed permitted, to 
sow one-hall in the fall and one-half in the early summer. In some cases the 
ground was worked up sufficiently to kill about half of the original vegetation. 
Ihe net economic result of all this foreign introduction has been practically 
nxl. Most of the species in our experience have never come up, and the few 
things that did make any growth usually died before seed was produced. 
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“A number of native grasses have been caused to spread successfully by 
gathering the seed in advantageous localities and simply scattering it where the 
ground was badly denuded. Better results have been obtained when seed- 
ing was done the last of June or the first of July. When sown in autumn the 
ants pick up too many of the seeds. Beneficial results have been secured in 
this way by the use of the seed of Andropogon saccharoides , Bouteloua vestita , 
and 5. rothrockii. Less positive results have been secured by the use of 
native seed of Bouteloua curtipendula and Leptochloa dubia . Indifferent 
results have been secured with Bouteloua oligostachya . The above illustrations 
of the successful use of native species are important and interesting, but they 
have no applicability to open-range conditions. However, where the land is 
under fence, and seed can be secured in the vicinity without too much expense, 
improvements can be made in very badly trampled areas. When the roots 
of the native growth are not completely destroyed, it is questionable whether 
in such situations as this, recuperation would not occur fully as rapidly by 
proper protection from overgrazing without the use of seeds as with it.” 
(1910: 12.) 

Thornber (1910: 312) has furnished a detailed and comprehensive account 
of seeding and planting operations in connection with the small range reserve 
near Tucson: 

“The almost complete failure of the above experiments in a reasonably 
favorable year led the writer to undertake a series of experiments on similar 
land receiving more water than the annual rainfall. To this end the storm 
water embankments or dams already noted were built and the small areas over 
which their flood waters occasionally extended were cultivated and sown from 
time to time with the more promising of the native grasses, saltbushes, and 
other forage plants, in addition to a number of introduced ones. For pur- 
poses of comparison, most of these varieties were sown on adjacent areas not 
so flooded, and also in the forage garden on the University grounds where 
moderate irrigation was given. 

“Good stands of blue grama ( Bouteloua gracilis), hairy grama (B. hirsuta ), 
and side-oats grama (B. racemosa) were secured with heavy summer rainfall 
in addition to flooding, on the small range enclosure. These, however, 
gradually died out with average summer rains and little or no flooding from 
storm water. Crowfoot or mesa grama (£. rothrockii ), though more or less 
common on the lower mesas, killed out badly with prolonged droughts. With 
moderate irrigation practically all the grama grasses did well in the forage 
garden, while without such irrigation their growth was short and they showed 
signs of dying out. It is quite evident therefore that the rainfall at the lower 
altitudes is too limited for the successful growth of these species. Silver-top 
or feather bluestem ( Andropogon saccharoides) has become established when- 
ever sown on areas subject to annual flooding, after which with average rain- 
fall it has yielded at the rate of three-fourths to one ton of hay to the acre. 
It has resisted in a remarkable degree prolonged drought, never having suffered 
any injury therefrom when once established, and is gradually spreading over 
cultivated areas, and swales and mesa depressions. When sown on the higher 
creosote land not subject to flooding, or during seasons with less rainfall than 
the average, it has failed. Tangle head (. Heteropogon contorius) has also made 
a good showing on the small range enclosure, while in the forage garden it has 
yielded even more heavily than silver top. The sacaton grasses made little or 
no growth from the start with rainfall heavier than the average on land not 
flooded, and this was true of a number of other grasses, including Hilaria } 
Stipa, and Aristida . 
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“No introduced forage plants, including species from cool, moist climates 
and higher altitudes, made any growth on the small lange enclosure, and but 
few of them persisted in the forage garden for any considerable length of 
time Both the native and Australian saltbushes failed repeatedly to secure 
a hold or make any growth of extended duration, though they were planted 
on land occasionally flooded with storm water. The growth of summer 
animals with average rainfall and no flood water was short, and they matured 
little or no seed. Of the winter-growing species alfilaria and Indian wheat 
(Planiaqo) made good growth when the rains were favorable, and invariably 
matured seeds. Root-planting experiments were generally unsuccessful ” 

Wooton (1916: 38) gives an account of reseeding studies on the Santa Rita 
Range Reserve which is in entire accord with that of Griffiths and Thornber: 

“ Practically all attempts to introduce new species of forage plants or to 
increase the relative abundance of particular endemic species beyond their 
Batumi importance in the plant associations of the region have resulted 
negatively. In a few cases introduced plants, like alfilaria or some aggres- 
sive annuals, have seemed to promise returns, but in the course of a few years 
the native perennials have crowded them out. The scattering of seeds of the 
local native species upon bare ground has proved to be well worth the trouble, 
since the practice has resulted in the more rapid recovery of such areas. This 
procedure has also put a crop of grass upon some soils where it was predicted 
that nothing would grow. ” 

Introduction and reseeding have been generally successful in mountain 
meadows and other regions where the rainfall is relatively high, as well as in 
local areas of the sandhills and in river valleys where the water-content is above 
normal as a result of runoff or underground drainage. Griffith (1907:22) 
concludes: 

“Profitable partial cultivation of native pastures must be confined to 
productive areas in regions of sufficient rainfall to permit at least the occa- 
sional cultivation of some of the hardier crops. The areas where reseeding 
methods on an economic basis are applicable extend to the western plains, 
and are scattered throughout the mountains in meadows, high valleys, and 
other situations where the requisite moisture occurs.” 

Cotton (1908:23) states that experiments carried on in the mountain 
meadows of the Pacific coast “show that the carrying capacity can be greatly 
increased by reseeding with tame grasses. The grasses best suited to this 
purpose are timothy and redtop.” 

Vinall (1911:9), in discussing forage crops for the sandhill region of 
Nebraska, strongly urges that “a good percentage of clover be mixed with 
the native hay, as all the clovers grow naturally on the moist lands of the hay 
flats. In fact, no part of the United States seems able to produce clover with 
less care or attention than this wet-valley region, and its use here is strongly 
urged. Red clover seeded in 1895 in meadow sod, without plowing or other 
cultivation, has reseeded itself from year to year in haying land, and is today 
in better condition and shows a better stand than ever before. ” 

Prerequisites for seeding and planting. — The above accounts make it clear 
that water is the chief limiting factor in the establishment of seedlings or 
mature plants and that competition for water determines their persistence. 
Where the water-content is more or less in excess of the needs of the native 
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population, as in mountain meadows with high rainfall, or in wet valleys with 
little drainage, tame grasses or forage plants can be introduced into the com- 
munity successfully and without disturbing it unduly. Such areas constitute 
a relatively small amount of the total range, and they are rarely in such need 
of revegetation as the grasslands of low water-content. In dealing with the 
latter, the first great need is to take advantage of times of greater rainfall 
This has generally been done with reference to the season, but no method has 
heretofore been available for anticipating periods of several years with rain- 
fall above the normal. Such a method now exists in the use" of the sun-spot 
cycle to determine the probable duration of the wet and dry phases of the 10 
to 12-year climatic cycle. While the annual rainfall varies more or less dur- 
ing the wet phase, it is regularly higher than during the dry one. Moreover, 
drought periods of 2 to 3 years' duration have been found to fall only at the dry 
phase for the past 60 years. Hence, it is obvious that the difficulties attendant 
upon reseeding or introduction will be least during the wet phase and greatest 
during the dry one, and that all operations of this kind should be confined to 
the former. Moreover, it is especially desirable that sowing or transplanting 
be repeated for the first two years of the wet period in order that an adequate 
stand be secured in the event of the seasonal distribution of the rain being 
unsatisfactory. This would also accord with the probability of two or three 
fairly wet years for the proper establishment of the plants, before the begin- 
ning of the dry period. 

A second prerequisite of great importance is the eradication of rodents. 
Where seeding is the method used, it is probable that the failure to secure a 
good stand is often due as much to the destruction of the seeds as to the lack 
of water. This is probably true even in the arid Southwest, since it is here 
that rodent damage is greatest. As a consequence, it is imperative to kill out 
the rodent population before seeding operations are begun on an area. It is 
almost as important to make sure that the rodents are kept out of such areas, 
since they may turn the scale against the establishment of plants which have 
germinated successfully. The food habits of the kangaroo-rat help to explain 
why the grama grasses fail to make seed and gradually disappear in the experi- 
ments mentioned above. In certain regions, at least, they would likewise 
render the establishment of transplants much more difficult. It is also 
obvious that areas in which reseeding is being carried on must be protected 
against grazing for several years. As a consequence, reseeding and trans- 
planting should be fitted into the rotation system, and carried on with refer- 
ence to the period of complete or partial rest given the different areas. It is 
assumed that all such operations must still be regarded as actual investigations 
and that they will be begun only where fencing assures control, and a pre- 
liminary study of conditions presupposes some degree of success. Under such 
conditions, it is possible to take the factor of competition into account also. 
The success attained in artificially reseeding bare and especially trampled 
areas in pastures has been largely due to the absence of competition for water. 
When reseeding is employed to increase the density of an existing com- 
munity or to introduce new dominants, competition becomes a critical factor. 
It can be adequately modified only in small pastures where disking or harrow- 
ing is economically desirable, or irrigation possible. On the ranges of the 
Southwest, with two growing seasons, it can be avoided by the use of winter 
annuals, which do not come into direct competition with the summer grasses 
at all. 
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New investigations.' — In connection with grazing studies throughout the 
grassland and scrub climaxes of the West, it is proposed to extend experi- 
ments in reseeding and transplanting to all the associations. These are being 
established with especial reference to the prerequisites discussed and they 
have been planned for the next four or five years in the expectation that these 
will constitute the wet phase of the cycle. Protection and eradication have 
been emphasized, and particular attention has been devoted to methods of 
evaluating the role of competition, since actual practice will requiie the le- 
seeding of both bare areas and overgrazed communities. This is done in 
protected indosurcs, where tillage methods may be employed in so far as 
desirable, and where permanent quadrats can be maintained for charting 
changes in composition and measuring the annual variations in yield (Cle- 
ments, 1917, 1918, 1919). By the use of transplanting in addition to reseed- 
ing, it is expected to determine the ecological requirements of practically all the 
dominants and many of the subdominants, within the same association or 
local grouping, as well as between associations. 

In addition to improving the carrying capacity of overgrazed areas, it is 
hoped that it will prove possible to extend and develop mixed grazing types, 
such as the mixed prairie, and the mesquite and sagebrush savannahs. The 
mixed prairie has the highest carrying capacity of all grass types, and also 
possesses essentially the same high resistance as the short-grass plains to 
trampling, overgrazing, and drought. It owes this property especially to the 
presence of buffalo grass, Bulbilis dadyloides. The runners of this grass make 
it one of the very best for transplanting experiments and it should prove 
possible to establish sods as centers of ecesis throughout the grassland where 
the rainfall ranges between 15 and 30 inches. Hilaria cenchroides has similar 
values, but its range is more restricted and trials with it should perhaps be 
confined to* the Southwest. The production of mixed prairies, and of all 
mixed types indeed, contains promise only in those climates or edaphic regions 
where there is some water-content in excess of the needs of the existing domi- 
nants. For this reason, it is practically certain that success can be attained 
only by transplanting short-grasses into tail-grass areas, or into existing mixed 
areas, rather than the reverse (plate 84). 

The value of mixed grass and palatable scrub in permitting the grazing of 
cattle and sheep, often with goats, and in providing a double insurance against 
drought or other disaster is so great that the possible extension or production 
of such types is of the greatest importance. In many cases it is expected that 
the earning capacity of the type will be increased by replacing one shrub 
with another more palatable. Where savannah already exists or desirable 
scrub is already in contact with grassland, the extension of the scrub can be 
secured by a system in which grazing and fire are used to maintain the balance 
at the point desired. Fire in conjunction with planting furnishes a ready 
means of developing grassland in the midst of scrub. The actual planting of 
shrubs in grassland is more difficult because the demand for water then tends 
to exceed the climatic supply. As a matter of fact, the demands of shrubs 
and tail-grasses are so nearly alike that shrubs can be readily introduced into 
true, subclimax, and mixed prairies during wet periods, as nature has often 
proved. Once established, their deeper root-systems and taller stems enable 
them to persist. Certain subclimax shrubs, such as the saitbushes, will 


A. Mixed grazing type o[ oak chaparral and grass, Sonora (hazing Stalion, Fdward; 

Plateau, Texas. 

B. Mixed type of tail-grass ( Agropyrum ) and short-grass (Bulbil is-Boui<iou a } with relicts 

of Sarcobalus, Ardmore Station, South Dakota, 
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probably permit similar treatment in moister situations in the short-grass and 
desert plains. Finally the latter may be regarded as constituting a c niou ! 
mixed type m which the two elements, winter annuals and perennial“s 
occupy the same ground but become dominant at two different seasons W 
grasses depend almost wholly upon the summer rainfall for their growth such 
a mixture is especially valuable in utilizing the annual rainfall to give S 
maximum amount of forage. While Thornber (1910) and others hfve em 
phasized the unique value of the winter annuals in the Southwest their inr- 
portance and the possibility of extending or developing this mixed tvoe have 
not been generally understood. The chief annuals poLs the vigoi and Se 
seed-production of weeds. Hence, the seeds germinate readily and the new 
plants quickly become established. Like all plants, howeverf they can not 
grow without ram, and their yield follows the variation in winter ratefall even 
more closely than grasses do that of the s ummer . 

Forage development -It is obvious that the utilization of hay and other 
foiage to supplement the range during winter or periods of drought reduces 
the demand upon the range and hence helps to improve it. Fundamental 
as this is, it is far from a general practice among stockmen. While there has 

° f ^ ha f areaS) few atte mpts have been made to develop 
them. Moreover, the use of native forage plants of an emergency character 
has been exceptional until recently, while the production of cultivated forage 
fhffi 6 C /+ PS by , the . ttockman has barely been begun. Smith (1899 : 22) 
was the fiist to emphasize the importance of the production of hay and stack 
silage as aids to the improvement of the range. Thornber (1910: 305) has 
discussed the use of methods for developing artificial meadows and fields by 
means of storm-water dams, but concludes that these are in general not very 
satisfactory. However, the majority of ranches perhaps contain areas on 
which a fair amount of native hay can be developed, or on which cultivated 
forage can be grown by means of irrigation, use of storm-water, or by the 
methods of dry-farming. This is especially true during the heavier rainfall 
of the wet phase of the chmatic cycle. When the value of hay and silage as 
insurance against drought is fully realized, it will usually be possible to pro- 
duce enough during the wet years to tide stock over drought periods. This 
is especially true of silage, , because of the long period for which it can be kept. 
JLn view of the enormous difference in the production of forage crops in wet and 
dry years, it is imperative for the ranchman to realize that his most certain 
insurance against the disasters of drought is an adequate forage reserve. 
W lie increased hay production plays a part in this, maximum production 
of silage during the wet phase especially is much more important. Silage can 
be kept almost indefinitely in properly constructed silos, but it would prob- 
ably never need to be kept more than four years, since even the most serious 
drought periods have been only three years long. With the use of the method 
of climatic cycles to determine the approximate date and length of wet and 
dry phases, it will be possible to develop this drought insurance into a practi- 
cal certainty. In the case of single years, it is a much more difficult matter 
to anticipate the probable rainfall, and during the dry phase additional insur- 
ance can be obtained by planting such forage crops as sunflower and Russian 
istle. In fact, in the Southwest at least, it will be the part of wisdom to 
plant a certain amount of these every year, against the chance that the distri- 
bution of the rainfall may be abnormal. 
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Thomber (1911) and Griffiths (1905, 1908, 1909 have discussed m detail 
the utilization of native cacti as emergency forage plants and have shown how 

ev can be cultivated in dry regions. The value of cacti as a supply o re- 
Lrie food for drought periods is generally understood, but too little trouble is 
taken to see that it is available when needed. Other plants that are grazed 
Me during wet periods bnt are eaten more or less by the cattle directly during 
d rondit are bear-grass or saeahuiste ( NoUna ), sotol (. Dasyhnum ) and soap- 
"(Yucca) The first direct utilization of any of these speeies as emergency 
forage was made by Mr. C. P. Turney on the Jornada Reserve in 1915 (Jar- 
d ne and Hurtt, 1917: 26). The critical nature of the drought period of 1916- 
18 gave an impetus to the development of machinery for chopping the plants 
into feed and resulted in a great extension of their use (Thornber, 1918; 
Wooton, 1918; Forsling, 1919). While they should be regarded strictly as 
emergency forage and not be permitted to take the place of proper forage 
development, there can be no question of their value as roughage m times of 
severe drought. If used as such, the supply in many regions of the Southwest 
is practically inexhaustible, but the tendency will almost certainly be to con- 
tinue using soapweed in particular until it completely disappeais from tne 
accessible areas (plate 85). 

Water development.— The importance of water development for range im- 
provement has been generally recognized and has been discussed in consider- 
able detail bv Smith (1899), Bentley (1898), Griffiths (1904), and Jardme 
and Hurtt (1917). These are all in complete agreement, and the conclusions 
of Smith and of Jardme and Hurtt are quoted in some detail, as representing 
the earliest and latest experiments in range improvement: 

“ Another precaution that must be taken, if the stock ranges are to be re- 
stored to anything like their former value, is that water must be provided in 
sufficient amount so that cattle will not have to travel long distances for it in 
times of severe drought. Nearly the entire western portion of Texas is under- 
laid by artesian waters ranging from 150 to. 1,500 feet, below the surface. 
Wherever the drainage slopes are not too precipitous, artificial tanks may be 
formed across the draws by building dams, and if the bottom of the tank is 
carried down to hardpan, or is puddled before being filled, a supply sufficient 
to last through the dry season may be secured at small expense. Such tanks, 
or wells, either artesian or where the water is lifted by windmill pumps, 
should be provided at least every 4 miles over the range, so that cattle wdl 
never have to travel more than a couple of miles to water. Where the wells, 
water-holes, or tanks are 8, 10, or more miles apart, as they very frequently 
are on some of the western ranges, cattle greatly overstock the range in the 
vicinity of the water, especially during midsummer, while the back country is 
thickly covered with good feed. Thus a portion of the range will be over- 
stocked while another portion will be undergrazed. In the one case the grasses 
are eaten down and trampled for a few miles back from the water so that it 
may require several good seasons to undo the injury done in one bad year. 
In addition, the forage on the large area back from the water is entirely lost 
through not being grazed. The cost of constructing dams or providing wind- 
mills will often be but a small percentage of the loss incurred when no water 
is provided. It has been often observed that the period of flow of the rivers 
in countries which have been overgrazed is very much less than it was formerly. 
This is because the trampling of the herds has compacted the soil, and also 
because the waters are not retarded from running off the surface as they 
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would be when the land is covered with a thick coating of grasses. Hence the 
drainage of the surplus water takes place in a very much shorter time. There 
are many streams and springs which in former years afforded a continuous 
supply throughout the dry season, which now only run during or immediately 
succeeding periods of abundant rainfall. Thus less dependence is to be placed 
upon the streams as a source of stock water. New artificial sources of supply 
must be provided. ” (Smith, 1899: 26.) 

“Fairly efficient use of plains and mesa range in the Southwest can be 
secured where stock do not have to travel more than 2-| miles to water. This 
means one watering-place for each 13,200 acres. Such an acreage of grama- 
grass range will carry about 500 cattle throughout the year if properly man- 
aged. As the distance in excess of 2§ miles which stock have to travel to 
water increases, the barren area around water increases, as does also the 
partly used forage beyond 2| miles from water. Consequently the number 
of stock the range will support is reduced. When feed is short, a long dis- 
tance between feed and water tends to increase the loss of stock, to decrease 
the calf crop, and to retard development of the young animals. Observations 
to date appear to justify one permanent watering place for each 500 head of 
cattle. Where conditions are favorable, the construction of tanks to catch 
flood waters for the purpose of supplementing the permanent watering places 
will be a paying investment. They will aid (1) in getting more green feed for 
the stock during the year, (2) in more even utilization of the range as a whole, 
(3) in the protection of feed and range near permanent water, and (4) in re- 
ducing the cost of maintenance and operation of wells.” (Jardine and 
Hurtt, 1917:29.) 

Herd management. — Better methods of handling stock may improve the 
range or prevent its deterioration directly, as in the open herding of sheep, or 
may be of indirect benefit, as in the production of a more efficient animal. 
Since the ultimate objective of range improvement is the maximum permanent 
production of stock, all methods which lead to this end are more or less con- 
cerned in it. While many of the factors in proper herd management have 
been worked out by the experiment stations in feeding and breeding experi- 
ments, the chief contributions to the management of range stock have been 
made by the Forest Service. These deal mainly with the handling of cattle in 
large range pastures, and of sheep in coyote-proof pastures and under new 
syst ems of herding. The immediate objectives have been (1) maintenance 
and improvement of the carrying capacity, (2) improvement in grade of stock, 
(3) increased calf or lamb crop, and (4) prevention of loss. The results secured 
on the Jornada Range Reserve have been summarized by Jardine and Hurtt 
(1917: 30), as follows: 

“The big opportunity for increasing the calf crop is to keep poor cows in 
thrifty condition. This can be done by not overstocking the range used by 
breeding stock and by feeding a small quantity of cottonseed cake or other 
supplemental feed to the cows that need it. All bulls should be fed during 
the winter and early spring. 

“The smn.ll loss at the Jornada reserve is attributed to careful, systematic 
vaccination against blackleg, to the reservation of grama-grass range for 
poor stock during the critical spring months, to feeding the animals a small 
quantity of cottonseed cake, and to prevention of straying. 

“In order to provide for extra range for the breeding stock in poor years, 
one-third of the stock on a range unit should be steers. It is then possible 
to reduce the number of stock when necessary by selling steers, without great 
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sacrifice and without interfering with the breeding stock. In good years the 
number of steers can be increased and in bad years decreased. 

«To provide against loss in extremely bad years, some kind of roughage to 
supplement the range forage, for feeding with cottonseed cake or other con- 
centrated feed, would be a decided advantage on southwestern ranges. Feed- 
ing cottonseed cake to calves weaned during the late fall, winter, and early 
spring is an important factor in cutting down loss and increasing the size of 
the stock, as well as in increasing the calf crop. Where this is done, young 
calves can be taken from poor cows, thus reducing loss from starvation among 
both cows and calves and stimulating earlier breeding.” 

The value of coyote-proof fences for sheep pastures and range lambing- 
grounds has been studied by Jardine (1908, 1911). His conclusions are that 
the carrying capacity under tins system is about 100 per cent higher than 
under the ordinary one, and that the percentage of lambs is higher, the sheep 
are much better, the loss almost nothing, and the expense of handling materi- 
ally decreased. The advantages of the “bedding-out,” “blanket” or “burro” 
system of herding sheep have been studied by Jardine, Fleming, and Douglas, 
and have been summarized by Jardine and Anderson (1919:50). The latter 
have given the most complete account available of the management of cattle 
and of sheep on the ranges of the national forests, with respect to the range 
as well as the herd (pp. 30, 49). 

ESSENTIALS OF A GRAZING POLICY. 

A proper land system— It has long been recognized by students of grazing 
that overgrazing and its attendant evils were the result of an unfortunate 
land policy. This fact has never been understood by the public, even in the 
West, and it is but recently that the stockmen themselves have realized it. 
A large portion of the country still holds the vague opinion that the West 
contains the possibility of unlimited homesteads, a delusion which western 
politicians and real-estate dealers have found it profitable to encourage. It 
is a national misfortune that the entire open range was not brought under 
adequate control at the time when the conservation movement was at its 
height, as the West contained few resources of greater importance. At 
present, every competent and disinterested student of the situation realizes 
that an adequate and just leasing system furnishes the only economic solu- 
tion of the problem. The administration of the grazing lands upon the 
national forests has convinced the vast majority of stockmen of the advantages 
of leasing or allotment, and has dissipated the fears that the “little man” 
would suffer under such a system. In spite of this, public opinion has hardly 
advanced beyond that of the days of the “ cattle kings, ” who were more or less 
justly regarded as the foes of the homesteader. This is not to be regarded as 
strange in view of the failure of the West to comprehend the grazing industry 
as perhaps its major problem. When the West realizes, and causes both 
public and lawmakers to realize that half a billion acres of its land can 
never be used profitably for anything but grazing, it will become possible to 
enact the necessary legislation for an intelligent economic and social treatment 
of the public domain, such as was provided in the Kent grazing bill of 1913. 

Essentials. — Coville (1898) and Smith (1899 : 43) have pointed out the es- 
sentials of a proper land system with respect to the needs of grazing, and 
Smith has summarized these as follows : 
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“The only way in which the non-mineral lands can be filed upon is either 
under the right of preemption, under timber claim laws, desert-land laws, or 
those relating to irrigated lands. There is no system for disposing of areas 
unsuited for agriculture other than under some one of these laws, and the 
result is that the grazing lands are held as commons open to any stockman 
who can run his cattle upon them. The first and foremost necessity, if the 
extravagant waste of the public domain is to be prevented, is to devise some 
system by which grazing lands can be placed in a class separate from agri- 
cultural lands, and under which property rights in lands now free to everyone 
may be assumed by individual stockmen. It has been the experience in all 
pastoral countries that proper care and conservation of the forage resources 
can only be secured and will only be practiced where the tenure of the land 
is sure. The necessary fixity of tenure might be legally provided for by long- 
term leases directly from the General Government at a nominal rental per 
acre. 

“ Aside from the effect of overgrazing on the lands themselves and on the 
natural grasses with which they are covered, it is well to note that millions 
of cattle and sheep are grazed on free lands in every Western State and Terri- 
tory. These lands contribute no taxes for the support of the State govern- 
ments. The cattle when marketed may be sold at a much lower figure than 
those raised on taxed lands owned by the stock grower and still make a profit. 
It is not fair to the people who are compelled to bear the expenses of local 
government for large untaxed areas, nor on the other hand to the cattle men 
and woolgrowers of the East whose products come into competition with those 
grown almost without expense on free Government lands. The policy which 
governed the settlement of the prairie States might well be modified to meet 
the demands of the stock raisers, especially as a very large percentage of the 
Government land now remaining is not agricultural and can not be made so 
by irrigation. The best policy is that which will the best promote permanent 
settlement. It is necessary that timely action shall be taken to open up the 
public lands for settlement in tracts extensive enough to encourage men to 
build ranches and make permanent improvements upon them. The con- 
tinued existence of great bodies of free lands covered with free grass is de- 
moralizing to all those who take advantage of the opportunities presented 
thereby. As suggested above, probably the most feasible plan would be to 
provide for long-term leases of the public lands for grazing purposes. ” 

The Kent grazing bill. — As an epitome of the best experience and results 
in grazing practice and administration, the grazing bill introduced into Con- 
gress in 1913 by Mr. Kent, of California, is unrivaled. It is such a complete 
and concise exposition of the proper land policy for the West, and of the needs 
of the grazing industry, that it is given here in its entirety, because of the 
conviction that such a measure, and such a measure alone, can solve the land 
problem of the West. 

H. R. 10539. 

In the House of Representatives, December 15, 1913. 

Mr, Kent introduced the following bill; which was referred to the Committee 
on the Public Lands and ordered to be printed, 

A bill for the improvement of grazing on the public lands of the United States and to regu- 
late the same, and for other purposes. 

Be it enacted by the Senate and House of Representatives of the United States 
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the President of the United States is hereby authorized to establish from time 
to time, by proclamation, grazing districts upon the unreserved, unappropri- 
ated public lands of the United States, conforming to State and county lines 
go far as practicable, whereupon the Secretary of Agriculture, under rules 
and regulations prescribed by him, shall execute or cause to be executed the 
provisions of this Act, appoint all officers necessary for the administration and 
protection of such grazing districts, regulate their use for grazing purposes, 
protect them from depredation, from injury to the natural forage crop, and 
from erosion; restore and improve their grazing value through regulation, by 
the eradication of poisonous plants, and by the extermination of predatory 
animals and otherwise; eradicate and prevent infectious and contagious dis- 
eases injurious to domestic animals; issue permits to graze live stock thereon 
for periods of not more than ten years, which shall include the right to fence 
the same, giving preference when practicable to homesteaders and to present 
occupants of the range who own improved ranches or who have provided 
water for live stock grazed on the public lands; and charge and collect reason- 
able fees for such grazing permits, based upon the grazing value of the land 
in each locality: Provided , That for ten years after the passage of this Act 
such charge for grazing shall not exceed four cents per acre nor be less than 
one-half cent per acre, or the equivalent thereof on a per-capita basis, and the 
Secretary of Agriculture shall revise and reestablish maximum and minimum 
rates of charge for grazing for each succeeding period of ten years. 

Section 2. That homestead or other settlement, location, entry, patent 
and all other disposal of public lands under the public-land laws shall be in no 
wise restricted, limited, or abridged hereby; nor shall anything herein be 
construed to prevent bona fide settlers or residents from grazing their stock 
used for domestic purposes, as defined under the regulations of the Secretary 
of Agriculture, on the public lands affected hereby: Provided , That after the 
establishment of any such grazing district no form of location, settlement, or 
entry thereon shall give a right to grazing privileges on public lands except 
when made under laws requiring cultivation or agricultural use of the land : 
Provided further, That permits to graze live stock upon land which is subse- 
quently appropriated under any public-land law shall not be affected by such 
subsequent appropriation, except as to the land actually appropriated, until 
the end of the current annual grazing period: Provided further , That no 
permit shall be issued which will entitle the permittee to the use of any build- 
ings, corrals, reservoirs, or other improvements owned or controlled by a prior 
occupant until he has paid such prior occupant a reasonable pro rata value 
for the use. of such improvements. If the parties interested can not agree, 
then the amount of such payment shall be determined under rules of the Secre- 
tary of Agriculture: And provided further, That when buildings, corrals, reser- 
voirs, wells, or other improvements, except fences, shall have been established 
on any forty-acre tract to the value of more than $100, as dete rmi ned by rules 
of the Secretary of Agriculture, such forty-acre tract shall not be subject to 
settlement or appropriation under the public-land laws during the permit 
period without the consent of the owner of such buildings, corrals, reservoirs, 
w r ells, or other improvements. 

Sec. 8 . That all water on public lands or subject to the jurisdiction of the 
United States within such grazing districts may be used for milling, mining, 
domestic, or irrigation purposes under the laws of the State or Territory 
wherein such grazing districts are situated, or under the laws of the United 
States and the rules and regulations thereunder. 

Sec. 4. That no grazing permits.issued under this Act shall prohibit settlers, 
prospectors, and others from entering upon such grazing districts for all proper 
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and lawful purposes, Including the use and enjoyment of their rights and 
property, and prospecting, locating, and developing the mineral resources of 
such districts; and wagon roads or improvements may he constructed thereon, 
in accordance with law, and all persons shall have the right to move live 
stock from one locality to another within such grazing districts under such 
restrictions only as are necessary to protect the users of the land which will be 
driven across. 

Sec. 5. That the users of the public lands under the provisions of this Act 
may select a committee of not more than four members from the users of 
any such grazing district, which committee shall represent the owners of 
different kinds of stock, and, with the officers appointed by the Secretary of 
Agriculture in charge of such grazing district, shall constitute an executive 
board, which shall determine whether the permits for such grazing districts 
shall be issued upon an acreage or upon a per capita basis, shall make such 
division of the range between the different kinds of stock as is necessary, and 
shall decide whether the distribution of the range shall be by individual or 
community allotments. The executive board shall also determine the total 
number of animals to be grazed in each grazing district and shall decide upon 
the adoption of any special rules to meet local conditions and shall establish 
lanes or driveways and shall prescribe special rules to govern the movement of 
live stock across the public lands in such districts as to protect the users of 
the land in their rights and the right of persons having the necessity to drive 
across the same. The executive board, after thirty days’ notice by publi- 
cation, shall also determine the preference in the allotment of grazing privi- 
leges provided for in section one of this Act, and shall, under rules of the Secre- 
tary of Agriculture, determine the value of the improvements and the use of 
the same whenever that may become necessary under the provisions of this 
Act in the administration of the same. Fences, wells, and other improvements 
may be constructed with the permission of the Government officer in charge, 
who shall record the ownership and location of such improvements. Any 
differences between a majority of the executive board and the officer in charge 
shall be referred to the Secretary of Agriculture and shall be adjusted in the 
manner prescribed by Mm. Any interested party shall have the right to 
appeal from any decision of the board to the Secretary of Agriculture. If the 
users of the land fail to select the committee as herein provided, the President 
of the United States shall name such committee from such grazing districts, 
representing the owners of the different kinds of stock, as above provided. 

Sec. 6. That the Secretary of Agriculture shall fix a date which shall not 
be less than one year from the establishment of any grazing district, and after 
such date the pasturing of any class of live stock on public land in said grazing 
districts without a permit, or in violation of the regulations of the Secretary 
of Agriculture, as herein provided, shall constitute a misdemeanor and shall 
be punishable by a fine of not less than $10 nor more than $1,000, or by im- 
prisonment for not less than ten days nor more than one year, or by both such 
fine and imprisonment in the discretion of the court. 

Sec. 7. That twenty-five per centum of all moneys received from each 
grazing district during any fiscal year shall be paid at the end thereof by the 
Secretary of the Treasury to the State or Territory in which said district is 
situated, to be expended as the State or Territorial legislature may prescribe 
for the benefit of the public schools and public roads of the county or comities 
in which the grazing district is situated: Provided , That when any grazing 
district Is in more than one State or Territory, or county, the distributive share 
to each from the proceeds of said district shall ibe proportion alto its area 
therein. The sum of $500,000 is hereby appropriated, to be available until 
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expended, for the payment of expenses necessary to execute the provisions of 
this Act. 

Sec, 8. That the President is hereby authorized to modify any proclamation 
establishing any grazing district, but not oftener than once in five years, to 
take effect in not less than one year thereafter, and by such modification may 
reduce the area or change the boundary lines of each grazing district. 

Classification and range surveys.— The necessity of a classification survey 
to determine the primary division of the public domain into agricultural, 
grazing, and forest lands has been discussed in the preceding chapter. Here 
it will suffice to emphasize the importance of classifying as grazing land all 
areas in which there is not convincing evidence of permanently successful 
agricultural production. In view of the fact that dry-farming in many 
regions is largely confined to forage production, by far the best plan would 
be to treat the remainder of the public domain as grazing land and to organize 
it into districts and units in such a way that the forage areas could be in- 
tensively utilized. 

The primary task of a range survey is to determine the grazing types and 
subtypes of a region and to approximate the carrying capacity of each. It 
must ascertain the character, composition, extent, and value of each type, as 
well as its present condition and its future development. It is essentially 
ecological in nature, and hence must be based upon the climax formations and 
their subdivisions, and upon their successional development. The most 
important unit is the grouping or faciation, which represents the local type 
with which an individual range must deal, though the larger ranches might 
have a number of different types. A range survey will necessarily devote 
much time to the need and the possibility of range improvement in the 
different types. It will pay especial attention to the indicators of overgraz- 
ing, and to the successional evidences of the best method of regeneration. It 
will locate the areas infested with rodents or with poisonous plants, and will 
suggest the most promising methods of eradication. It should likewise 
take note of all areas in which there is actual or potential development of hay 
and forage, and of the location and extent of communities of emergency 
forage plants. ^ It must also deal with the possibilities of water development, 
by means of mills as well as by tanks. Finally, it will take account of sand- 
hill, bad land, and other areas in which some form of grazing reclamation is 
possible. In its complete expression the range survey should lead to the 
production of eeologic sheets and folios which would do for the range what 
topographic sheets and geologic folios do for the topography and geology of a 
quadrangle. 

Production cycles. The recurrence of wet and dry periods in general 
harmony with the sun-spot cycle has already been shown to have a profound 
effect upon the carrying capacity and water supply of the range. As a con- 
sequence^ the climatic cycle is clearly reflected by a corresponding grazing 
cycle. Ihe carrying capacity and water supply are high during wet periods, 
and they are at a minimum during drought periods. For successful ranch 
practice in the drier regions especially, the grazing cycle must be made the 
basis of a production cycle. In fact, it is already the basis of such a cycle, 
owing to the fact that production is necessarily reduced to the minimum dur- 
ing a drought period. It is imperative that the actual existence of such a 
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cycle be recognized, and that its operation be anticipated and modified in such 
a way as to stabilize production. In existing practice, a series of wet years is 
a period of voluntary expansion, and a drought period one of involuntary 
contraction. With the increasing probability of forecasting wet and dry 
phases, the ranchman should make his plans accordingly. Expansion must 
still be the rule for wet phases, and contraction for dry ones, but the change 
from one to the other must be definitely anticipated and prepared for. This 
is particularly true of the critical change from expansion to contraction, but 
it is also true in a large measure for the reverse process. 

Most of the essentials of a contraction-expansion system have already been 
discussed under range improvement. It is imperative to have the largest 
possible amount of insurance against drought in the form of rotation grazing 
and reserve pastures, and of water development. Even greater possibilities 
of adjustment are afforded by the management of the herd to secure necessary 
contraction and desirable expansion. On the Jornada Reserve this has been 
obtained by maintaining the number of steers at about one-third the total of 
the herd, but increasing the number in good years and decreasing it in bad 
years as the range warrants or demands (Jardine and Hurtt, 1917:31). 
Still greater elasticity is provided where it is possible to employ mixed graz- 
ing, running cattle and sheep together, or cattle, sheep, and goats. Mixed 
grazing not only permits readier adjustment to climatic conditions, but also 
serves in some measure as insurance against unfavorable market conditions. 

Ranch management surveys. — The task of placing the grazing industry upon 
a sound economic and social basis is not solved until costs of production can 
be determined. Until this is done and net income ascertained, it is impossible 
to know the efficiency of any particular ranch in either economic or social 
terms. It is felt that the only proper objective of any productive system is 
to secure an equitable balance between the needs of the producer and the 
consumer. Such a balance is possible only when the actual cost of production 
is known, so that its relation to the proper cost can be determined. In its 
present condition the stock industry of the West is little better than a game 
of chance, in which both the stockman and the public are regularly losers. 
It can be converted into a productive business that does its full duty to the 
individual and the nation only by means of proper land legislation, adequate 
methods of range improvement, and by ranch management surveys, which 
will disclose the exact status of each ranch as a productive unit. Such sur- 
veys may well serve to usher in a period of cooperation in ranching, which will 
make possible great improvements in range and herd management as well as 
in marketing and distribution. They would probably lead also to the stabili- 
zation of land values and the reduction of interest rates, and to the production 
of social values such as rarely obtain at present. 



VII. FOREST INDICATORS. 

Nature— Forest indicators are of three chief types, namely, (1) those that 
have to do with existing forests; (2) those that indicate former forests; (3) 
those that indicate the possibility of establishing new forests. A community 
of trees is axiomatically an indicator of forest, but it carries with it indications 
of habitat, structure, and development which are not so obvious. More- 
over, it involves important indications as to use, such as lumbering, water 
regulation, grazing, etc. Indicators of former forests are either actual re- 
licts of the forest itself or serai communities which mark particular stages of 
the suecessional reforestation. They may consist of the dominant trees as 
individuals or communities, of the subdominant shrubs or herbs of the climax 
forest, or of the dominants or subdominants of any suecessional stage. Their 
great value lies in the fact that they not only indicate the possibility of re- 
forestation, but also the stage which has been reached and the further methods 
to be employed. They are by far the most important and practical of all 
forest indicators when the vast extent and significance of deforested areas are 
taken into account. They pass more or less gradually into indicators of the 
possibility of forest production in regions which have been repeatedly de- 
forested and which show neither relicts nor serai stages of the original climax. 
Such are the transition regions between forest and scrub or prairie, in which 
the latter appear to be climax, but are really subelimax and will consequently 
yield to forest when artificial regeneration is employed. In addition, chaparral 
and grassland may also indicate afforestation in regions which have not borne 
forest for hundreds or thousands of years. These are primarily edaphic areas 
in which the indicator community owes its presence to a higher water-content 
resulting from soil or topography. Such are the sandhills of Nebraska and 
the river valleys throughout the prairie associations. 

Kinds of indicators.— Both the individual and the community may be used 
as indicators. The latter is naturally more complete and definite, but in 
many cases the change following clearing or fire is so complete that a single 
relict individual gives information of great value as to the original climax. 
This is true also of subelimax forests which have more or less completely 
disappeared in the reestablishment of the climax forest. The forest formation 
which is climax for a certain region is itself the indicator of the permanent 
type of the region, and hence of the forest which will naturally develop or 
redevelop in all bare or cleared areas. As a consequence, it is an indicator of 
site and likewise of the type of management to be employed. , Each associ- 
ation is an indicator of climate, while the various groupings and alternations 
of the consociations indicate different edaphic conditions as well. The 
societies indicate variations in water-content or light primarily, but the layer 
societies are especially related to light. Differences in the density and growth 
of dominants and subdominants serve as indications of minor changes in the 
i actor complex. Indicator values may be derived from growth in height, 
diameter, or volume. The former is the most convenient for use, but the 
latter is probably the most accurate. Seedlings are among the best of domi- 
nant indicators, especially when their growth, habit, and abundance are taken 
into account. The minute structure of leaves is an excellent indicator of 
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A. Climax subalpinc forest of Abies and Pin us as a climatic indicator, Yosemite National 

Forest, California. 

B. Consocics of Rudivvkia occiduddis as an edaphic indicator of ch arinir and Hie. Flail 

Experiment Station, Ephraim. 
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light and water relations, and that of stems is an indicator of annual fluctu- 
ations in rainfall, and hence climatic cycles. Flowering and seed-production 
also have their indicator values, but these are of secondary importance. 

Serai communities differ chiefly from climax ones in indicating edaphie 
conditions or habitats rather than climate. Their peculiar value lies in the 
fact that they may at the same time indicate the nature of the initial area or 
disturbance, the particular stage of development in the succession and the 
habitat, and the final association or climax. Such stages are denoted by the 
associes, and minor stages or variations by the consocies, while the socies 
denotes subordinate differences within these. These three types of com- 
munity, and the series of associes which constitute the sere, form a complete 
scale of variations and changes, upon which the problems of forest mainte- 
nance, of reforestation and afforestation, must be based. In short, while the 
climax indicates the permanent forest of a region, the seres indicate the 
methods and materials which must be used in hastening, maintaining, or 
postponing the climax community, which is inevitable under natural con- 
ditions. It is obvious that serai communities furnish indications from compo- 
sition, density, and growth essentially similar to those of the climax (plate 86). 

FOREST TYPES. 

Bases. — The nature of forest types and the bases for their distinction have 
been fruitful subjects of discussion among foresters. Graves (1899) seems to 
have been the first to characterize forest types definitely: 

“If nature is left undisturbed, the same type of forest will tend to be pro- 
duced on the same classes of situation and soil in a specified region. There 
will be variations within the type, but the characteristic features of the forest 
will remain constant, that is, the predominant species, density, habit of trees, 
reproduction, character of undergrowth, etc. If a portion of the forest is 
destroyed by fire, wind or otherwise, the type may for the time being be 
changed, but if left undisturbed, it will revert to the original form, provided 
the condition of the soil is not permanently changed. ” 

Zon (1906) states: 

“The first step in any silvical study or attempt at forest management is to 
reduce the great variety of stands to a small number of types, each haying 
characteristic features of its own and requiring a distinct treatment. The 
nearer we come to establishing natural types of forest growth, the deeper 
we penetrate into the true relationship existing between these types and the 
factors that produce them, and this is the most important contribution to 
silvics.” 

The changes brought about in a forest by man or by accidents are not 
regarded as a basis for the establishment of fundamental forest types, but it 
is recognized that such changes do produce temporary or transient types. 
The essential agreement of the basis proposed by Graves and Zon with the 
principles of succession and the distinction between climax and developmental 
communities was pointed out by Clements (1909 : 62) : 

“Reproduction is the forester's term for development or redevelopment; 
it is the complex response of a formation to its habitat, which leads to succes- 
sion, The result of reproduction is a forest type of succession, an ultimate or 
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stable formation, i. e., a forest type and a stable formation of a succession are 
identical This identity is made clearer by the author's insistence upon 
stability as the ideal for which the forester must strive in regenerating and 
caring for his forest. The change in stabilization is perhaps the most essential 
feature of a succession, and the succession terminates only because the habitat 
is finally occupied by a formation which, accidents excepted, is best suited 
to it and hence is permanent. ” 

The varying concepts and applications dealing with the forest type are well 
illustrated by a symposium on the subject, the papers of which are briefly 
abstracted here. "Dana (1913: 55) defines the different kinds of types which 
seem to serve a useful purpose and should be recognized : 

“ A forest type, known often as simply a type , is a stand of trees with dis- 
tinctive characteristics of composition. A cover type is a forest type now occu- 
pying the ground. The term conveys no implication as to whether the type 
is temporary or permanent, or one which we shall strive to maintain under 
forest management. A temporary type is a forest type which has come in as 
a result of some interference with natural conditions, such as fire or lumbering, 
and which will eventually, if nature is left undisturbed, be replaced by a 
different type. A permanent type , or natural type, is a forest type which will 
eventually take possession of and perpetuate itself on any given area if natural 
conditions are undisturbed. A management type is a forest type that we shall 
strive to maintain under forest management, irrespective of whether or not 
it is the type that would occupy the area under natural conditions.” 

Hunger (1913: 62) emphasizes the following point: 

“The term forest type must above all be used for a classification of timber- 
land that will be useful to the practicing forester in forest management in a 
broad sense. Forest typing must not merely be a theoretic grouping of simi- 
lar areas convenient for wall-map purposes or a classification of merely botani- 
cal or ecological interest. Their distinctions must be based on fundamental 
points of difference which have significance to the forester. In every form of 
intensive reconnaissance which a forester is doing preparatory to making 
working plans, he should include the collection of data showing both the 
present composition by species and the physical conditions of the site. 
Though both of these classes of data may be shown on his maps, I feel that 
the term ‘forest type' should be reserved for a classification based upon per- 
manent basic physical factors. I should define, therefore, a forest type as an 
aggregation of areas of forest land upon which the physical conditions of 
climate, soil, and moisture are so similar that an identical form of silvicultural 
management may be applied on all.” 

Woodward (1913:69) states: 

u In the examination of lands offered for purchase under the Weeks law, it 
has been found, desirable to classify the kinds of forest stands and sites from 
two points of view. In the first place, it is necessary to know the composition 
of the present stands in order to arrive at the value of the timber. The second 
way in which sites need to be classified in valuing the lands offered is to de- 
termine the value of the site for producing timber. In a virgin stand, the 
present composition is a very good index of what can be grown on the area in 
question. However, it is conceivable that under forest management it may 
not be advisable to wait for the struggle for existence to proceed so far that 
temporary species are eliminated. As a means of classifying stands and sites, 
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a system of types and subtypes is now in use. A forest type is understood to 
be an area in which the climatic and soil factors are uniform, and which may 
therefore produce stands of like composition. A subtype is a subdivision of 
a type in which the struggle for existence is not yet completed and whose 
composition is therefore changing. Generally this temporary condition is 
caused by fire, lumbering, windfall, etc. The most common species in sub- 
types are light-needing ones which occupy the ground quickly, but which will 
ultimately give place to more tolerant species.” 

Moore (1913: 75) summarizes his views of forest types as follows: 

“A forest type is a tree society having such differences of composition from 
other tree societies as to make necessary a separate study of jkld. Physical 
factors are the cause of forest types, but not forest types themselves. They 
cause confusion when used in classifying forest types. Yield studies are at 
the foundation of forest management, and must be based on forest types 
distinguished by composition. Reconnaissance must furnish material to 
which yield studies can be applied. For this purpose it must distinguish 
forest types by composition, whatever other method may be used in addition. 
Fortunately, this is, for most regions, the easiest way of distinguishing forest- 
types.” 

Greeley (1913: 76) points out: 

“There have been three general stages in the work of the Forest Service, 
each involving a somewhat different point of view in the classification of 
forest types. During the first stage the ‘cover type’ in its simplest terms was 
adequate. In the second stage, the ‘cover type’ in itself is inadequate. We 
need rather the ‘management type.’ In the third phase of the work to which 
I have alluded, we need possibly an additional type — the ‘physical type’ or 
‘land type.’ The type needed for the classification and description of National 
Forest lands is the ‘management type.’ The classification of forested areas 
should be attacked from the standpoint of what those areas will grow best 
under scientific administration. Let us have, then, a classification of forest 
types based upon present cover interpreted where necessary by the uses which 
we will make of it in management. Let us leave the intensive study of 
physical factors to the working-plan expert or the silvicist. The ‘manage- 
ment type,’ in my judgment, is the key to the classification of complex stands 
arising from changes in composition at different periods in the life-history of 
the forest. I would apply this principle to any complex situation where a 
temporary type is followed by a permanent type, selecting for the purposes of 
our classification the stage in the natural rotation of species which, as far as 
we can now see, will be the basis of the forest management. In a word, the 
existing cover interpreted by our knowledge of the life-history of the type 
and of what the land should produce under management will, I believe, furnish 
the best basis for classification.” 

Pearson (1913: 84) emphasizes the value of communities as indicators and 
summarizes the bases for the classification of forest land into types, as follows: 

“The only scientific basis for such a classification is that of potential pro- 
ductiveness, considering both agricultural and forest crops. The productive 
value may be ascertained in two ways: The first measures directly, as far as 
possible, all physical factors on the site and gauges the productive capacity 
by the measure in which the sum of these factors meets the requirements of 
various crops. The second method uses characteristic forms of vegetation 
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on the ground as an indicator of the physical conditions present, and upon this 
basis ascertains the adaptability of the site for different crops. The obvious 
objection to the first method is the need of climatological data and soil analy- 
ses on each site to be classified; and, owing to the diversity of sites in our forest 
regions, together with the almost entire absence of climatological^ records in 
many sections, the collection of data would involve an expense which, at this 
stage of our advancement in forestry, would be almost prohibitive. The 
second method requires a thorough preliminary investigation in each region 
to be covered, in order to secure a working knowledge for the actual land classi- 
fication, and obviously reliable results can only be obtained by the employment 
of trained men. This method is the simpler and probably the more reliable 
of the two, and it is considered entirely applicable to the needs of the forester.” 

Rockwell (1013: 85) defines four types, as follows: 

“The temporary type is a transitional condition, in which a forest of a 
temporary character is established as a result of some disaster which over- 
whelmed the original stand, but which will, if the disaster is not repeated, in 
time revert to the original climax form. The climax type is named for the 
species winch will eventually predominate as a result of the physical factors 
concerned, provided the stand is left indefinitely undisturbed. The cover 
type may be either temporary or permanent; in mature and over-mature 
stands the name is based on the present composition; in immature stands it 
is based upon the probable composition at maturity. A fundamental type 
which, similarly to the climax type, is based on physical factors of site, but 
named for the commonly occurring species most important from a manage- 
ment standpoint, instead of for the climax species, will here be called, for want 
of a better name, the ‘physical type? In addition to furnishing a better basis 
for the estimate of future yield and the regulation of the annual cut, the 
knowledge of site conditions which a ‘physical’ type map supplies is of great 
assistance in handling all the problems of forest management. After the 
types have been thoroughly studied, we will know definitely the range of 
climatic conditions in each type — knowledge of great value in forestation, 
fire protection, and land classification work. We will know what species can 
grow in each type, their rate of growth, and what they will yield. We will 
know about the behavior of different species within the type, and can then 
plan intelligently the management of cutting operations, methods of brush 
disposal, and other problems of forest management. Not until the physical 
types are properly classified and mapped can these problems be definitely 
worked out. ” 

Mason (1913:91) recognizes — 

“Two classes of forest types. One of these types is based upon physical 
factors and will be called the ‘physical type’ ; the other, based on the forest 
cover found on the area in question, will be called the ‘cover type.’ A physi- 
cal-type map is principally valuable in forest management to indicate the 
species which can be grown most profitably on a given area. It is useful in 
ease planting is to be done, or if a method of cutting merchantable timber is 
to be selected which will reproduce the proper species. A physical-type map, 
then, shows the potentialities of the area mapped. It need show nothing 
with relation to the present forest cover, or even the presence or absence of 
forest growth. The cover-type map, on the other hand, shows whether or 
not tile area is timbered at all. It shows what kind of timber is now present 
on the area and its age. It indicates the nature of the crop which will be 
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harvested during the present rotation. The physical-type map, then, shows 
what the _ land is capable of producing, while the cover-type map shows what 
the land is producing. If the cover type is important in connection with the 
present rotation, the physical type is important with relation to the next 
rotation. The physical-type map indicates the species which may be best 
grown upon a particular area. This, however, is a matter of comparatively 
secondary importance in forest administration. Furthermore, questions as 
to proper species for planting and suitable methods of cutting are solved by 
special studies rather than in the course of the work of the general reconnais- 
sance crew. Physical-type maps are doubtless of great silvical and ecological 
interest, but cover-type maps are more valuable at present to the men who are 
managing forests in a practical way.” 

Tillotson (1913:95) has emphasized the importance of permanent forest 
types: 

“Ordinarily it is undoubtedly true that better success will attend silvi- 
cultural operations if due regard be given to the establishment and main- 
tenance of permanent forest types. It therefore becomes important to learn 
to distinguish and to classify them. It seems that this will necessitate the 
division of the country into rather large areas, over which the same general 
conditions of temperature prevail at similar altitudes, these units to be sub- 
divided into smaller areas, where similar conditions of precipitation both as to 
amount and distribution exist, and these still further into smaller units, where 
differences in exposure, topography, or soil exist. On similar areas of this last 
division the ultimate forest growth may be expected to be the same, both in 
composition and in character, and it makes little difference in speaking of the 
permanent types whether they are called, for instance, the north-slope and the 
south-slope type, or the north-slope Douglas-fir type and the south-slope 
Douglas-fir type, providing the character of the growth in the region under 
discussion is known. The physical factors of the habitat will determine the 
type, and if these are known the character of the ultimate growth will be 
known by one familiar with the region. To one not familiar with the region 
any designation of types will in any case necessitate a description of them.” 

Zon (1913: 103) points out: 

“One of the most urgent and fundamental silvical tasks of the present 
moment is the working out of a natural classification of our forests. Since 
there are no characteristics within the stands themselves which could be used 
as unmistakable guides for dividing the forest into homogeneous silvicultural 
units and for acquiring exact knowledge of their silvical requirements, one 
must necessarily seek such characteristics outside of the stands. Such guides 
are found in the external environment, with its climatic and soil peculiarities. 
These alone determine the composition and combination of the species as 
well as the silvical requirements of the stand. ' It does not make any differ- 
ence whether the name of the forest type is derived from the distinctive com- 
mercial species or topography, provided that in differentiating the forest into 
types the physical conditions of growth, which are the fundamental and 
primary causes of the real differences in the stands, are taken as the basis. 
If forest types are based upon physical conditions of growth, they will neces- 
sarily also determine the character of growth and make superfluous the further 
subdivision into quality classes. 

“In a proper forest classification, two things must be distinguished: (a) 
types of forest as the product of physical conditions of growth, and (6) the 
condition of the stands as the product of the interference of man or natural 
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accidents. In the latter group will belong temporary types— sprout forests, 
abnormally open forests, the absence of undergrowth on account of grazing, 
etc. The Classification into types is fundamental and is of importance not 
only for the present but aW for the remote future. Classification on, the 
basis of secondary characteristics, which are merely stages in the evolution of 
the type, is important only for the immediate future. 

“A comprehensive classification of forests into types should begin by 
establishing, first, silvicultural units of various orders. The country as a 
whole should be divided into botanical-geographical regions — as, for instance, 
northern conifers, central hardwoods, etc.; each region must be subdivided 
further into subregions— thus the northern conifers into spruce subregion, 
pine subregion, etc. Within each subregion the forest should be divided on 
the basis of marked differences in topography and geology into types of forest 
massives. Each forest massive should then be divided into forest types, and 
within i he boundaries of each type the stands may be further grouped by age, 
by origin, or by any other distinction which may be due to the interference of 
man or accident. 

“"Without denying the importance of the secondary characteristics in 
describing and differentiating forest stands, these characteristics must be 
placed, it seems to me, in a different perspective — at the end and not at the 
beginning of the work. All attempts at forest classification so far made have 
been based either upon artificial characteristics or upon characters in which 
the interference of man was not separated from the natural factors. Such a, 
classification inevitably included in one group stands extremely heterogeneous 
silvicult orally. In order to secure a natural classification and at the same time 
a complete knowledge of the silvical requirements of the stand, it should em- 
body in the classification both the natural characteristics and the character- 
istics produced by the interference of man, but subordinate the latter to the 
former— that is, the characteristics produced by man should be used for 
classification only within uniform conditions of growth — the physical con- 
ditions for growth for the same type must be so similar as to guarantee a 
biological uniformity of stands.” 

Comparison of views. — A careful scrutiny of the opinions just summarized 
makes it evident that they differ more in emphasis than in fact. While the 
majority prefer to make use of the community, either actual or potential, 
they do this as an index to conditions and management. Those who regard 
the physical factors as the most important recognize the necessity of knowing 
the composition. The fact that the physical type is defined as one in which 
the climatic and soil factors are uniform shows that even this view takes 
proper account of the community, since there is at present no other measure 
of the uniformity of the factors concerned. In fact, practically every author 
regards both habitat and community as essential to the adequate under- 
standing of forest types, and this agreement extends also to the desirability 
of recognizing and using various kinds of types. This is especially true with 
respect to permanent and temporary types, and largely also for management 
types, all of which may be cover types, when the community is emphasized. 
They are likewise physical types when the chief emphasis is placed upon the 
habitat or site, but technically, temporary types would usually be excluded. 
It thus becomes clear that forest types must take full account of both habitat 
and community, and that the community is the visible sign of any type. It 
is the indicator of the physical factors of the site as well as of the kind of 
management which such a community demands to produce the maximum 
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return. In short, it is the indicator value of the community, which the forester, 
consciously or subconsciously, has constantly in mind when he is defining or 
classifying forest types. As a consequence, the major objectives of forester 
and ecologist are the same in the study of vegetation, and the system of 
classification and of indicators which the latter establishes as the result of 
successional and quantitative studies should be equally serviceable for the 
former. 

Forest sites. — To the ecologist it seems that much confusion has resulted 
among foresters from the fact that they have constantly used the indicator 
method, but usually without a clear recognition of this or of its connotations. 
As a consequence, there is frequent doubt as to the meaning of the terms type 
and site. The causes for this confusion have been discussed by a number of 
foresters. Dana (1913: 58) points out: 

“The use of the term 'physical type’ in this sense is practically the same 
as the generally accepted meaning of ‘locality’ or ‘site.’ This is denned in 
Forest Service Bulletin 61 as ‘An area, considered with reference to forest- 
producing power. The factors of the locality are the altitude, soil, slope, 
aspect, and other local conditions influencing forest growth. Locality class, 
or quality of locality, includes all localities with similar forest-producing 
power.’ Such a classification is undoubtedly a useful one for many purposes, 
but.it would be better to drop the misleading term ‘type’ and to substitute 
for it either of the approved terms ‘locality’ or ‘site.’ In any event, it should 
be clearly understood that the term refers to the area and not directly to the 
stand.” 

Moore (1913: 75) says: 

“The main point at issue becomes, therefore, one of terminology: Shall we 
call the environment or physical factors a ‘forest type,’ or shall we apply the 
term ‘forest type’ only to the tree growth? It is evident that w r e require a 
separate term for each. Common usage in this country has generally made 
the term ‘forest type’ apply to the forest cover. It would therefore simplify 
matters, I believe, if some other term such as ‘site’ were recognized as applying 
to physical factors, while the term ‘forest type’ is reserved for the forest cover.” 

The argument for a clear-cut distinction between forest type and site 
receives strong support from a comparison of the statements of Moore and 
Zon. The former (l. c., 75) states: 

“Mr. Zon, in his article ‘Quality Classes and Forest Types,’ uses the term 
‘forest type’ to indicate environment or the sum of all physical factors; used 
in this sense, the ‘forest type’ becomes synonymous with site quality.” 

Zon (1913: 102), however, merely says: 

“An attempt to use such site classes for forest types as an expression of the 
physical conditions of growth must necessarily lead to confusion.” 

Zon’s further conclusions as to forest types and site classes have a direct 
bearing on this question: 

“The division of a forest into stands having different average heights or 
site classes is perfectly justifiable as long as the end. sought is purely an 
economic one. Site classes based upon the average height of the stand can 
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l not always represent physical conditions of growth, as the same site classes 

\ may he found in stands which have entirely different physical conditions of 

| '*1 growth; in other words, belong to two distinct forest types. Site class, there- 

I ;; fore, while it indicates the actual character of the timber found on the ground, 

I : * is not a silvicultural unit which can be used in management. The average 

| , height of the stand or site class may be the result of the interference of man, 

I ' l fire, animals, etc., and for this reason can not always be taken as the true 

: measure of the productive capacity of the soil, even within the same type. 

:■ The classification of stands on the basis of their average height is still further 

\ deceptive, because it does not take into effect the taper or the soundness of 

/' the timber, two qualities closely connected with the physical conditions of 

; r growth of the stand. The use of quality classes alone as indicators of the phys- 

. ical conditions of growth is as misleading as to use the composition of the 

(? stand for determining forest types. Both at best show only the actual 

}[ condition of the stand, but are entirely mute as to the physical factors that 

v are the cause of it.” 


The question of sites and their recognition has received much attention at 
the hands of foresters. It is essentially a matter of indicator values, in which 
growth, or its consequences, furnishes the indications desired. For this 
reason it is discussed briefly in a later section on growth as an indicator. 



Succession as a basis. — -A complete and satisfactory solution of the forester J s 
difficulties in the recognition and use of types and sites is possible only on the 
basis of successional studies. Succession at once removes the confusion be- 
tween sites and types, since it emphasizes the basic relation of the two as cause 
and effect. The site or habitat is the controlling cause and hence the explana- 
tion of the type or community, but is itself reacted on by the latter in such a 
way that it passes through a number of developmental stages to the final 
climax condition, each stage marked by its characteristic community. An 
adequate study of the community can no more neglect the habitat as cause 
than it can the community as effect, and also as the cause of modifications in 
the habitat. Moreover, it leads to confusion in the minds of others to use 
such terms as physical type and cover type, which appear to ignore one or the 
other. This is abundantly shown by the opinions cited above, in which essen- 
tial uniformity is often completely hidden by superficial disagreement. 

But succession does not merely put type and site in this proper relation to 
each other. It is even more important in furnishing the only basis for the 
natural classification of types, and hence of sites also. Other bases may be 
natural in some degree, depending upon the criteria used, but development is 
the only one which takes into account all the factors and processes concerned 
and in their proper relation (Plant Succession, 111). Its essential feature 
is the recognition of the forest as a complex organism with a characteristic 
structure and development. The mature or adult stage is the climax forest 
while its development is represented by a series of typical stages or com- 
munities arising in bare or denuded areas. The climax co mmuni ties corre- 
spond with permanent types, and the developmental or serai ones with tem- 
porary types, while both are cover types where they actually occur on the 
ground. The management type, whatever its name may be, is peculiarly 
successional in nature, since it depends not only upon the climax and its 
succession, but also upon the degree to which the latter can be controlled in 
the interests of optimum production. 
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The greatest importance of the successional basis for the classification of 
forest types lies in its indicator values. The climax communities of different 
degree are the indicators of the climates and subclimates, while the serai com- 
munities indicate soil and other local or edaphic conditions. At the basis of 
succession lie competition and reaction, and within the control of the climate, 
these are the forces which largely determine the density and growth of stands! 
But even greater indicator values inhere in the sequence typical of succession. 
Each stage indicates not only its particular habitat, while its variations in 
composition or structure indicate similar variations in the controlling factors. 
In addition, it serves to indicate communities and habitats which have pre- 
ceded it, and those which will follow it. Seen in its successional relation, each 
community or cover type is an indicator not only of physical conditions, but 
also of the past history and future possibilities of the area concerned, and hence 
of the system of management or of planting. 

Significance.— The primary value of forest indicators lies in denoting the 
physical factors in control The climax communities of different degree indi- 
cate the corresponding climates and their subdivisions. The serai communi- 
ties indicate local or edaphic conditions, usually of water-content, and at the 
same time mark the presence of progressive changes due to reaction. The 
dominants of both climax and serai communities serve to measure the light 
relations, and this is especially true of tree seedlings and of the subdominants 
that form the societies of the forest floor. Processes, such as fire, lumbering, 
grazing, etc., that produce disturbance, are either marked by relicts of the 
original vegetation, or by subseres more or less typical of the particular pro- 
cess. Growth is one of the most sensitive and hence one of the most important 
of indicators in the detailed study of communities and stands. Furthermore, 
the climax and the serai stages of a region taken together determine the 
general type of management possible or desirable. The composition and 
successional position of the community in any particular spot furnish a clear 
indication of the type of management necessary to the utilization of a certain 
species or stage as the preferred crop. Since succession is essentially progres- 
sive in nature, the maintenance of a particular crop or rotation depends upon 
a knowledge of the competition and reaction of the dominants, and the relation 
of these to the successional movement. In any climax, there will be seres in 
all possible stages of development. Some of these will need to he held in the 
present stage, while in other cases the progressive movement must be favored 
or hastened, and in still others it will need to be retarded. Whatever the 
desired method, when the dominants in possession are used as indicators of 
the forces which initiate and maintain the succession, it becomes possible 
to adjust the system of management to all the differences in composition and 
development. 

CLIMATIC AND EDAPHIC INDICATORS. 

Climatic indicators. — It is axiomatic that all forest climaxes are indicators 
of forest climates. The four climax formations, woodland, montane forest, 
Coast forest, and subalpine forest, indicate as many corresponding forest 
climates, while the scrub formations and especially the chaparral indicate 
climates in which water conservation is important. It is well understood 
that the three mountain climaxes indicate climates with a progressive in- 
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crease of rainfall from woodland to subalpine forest, while the Coast forest 
has the highest rainfall of all. In similar fashion, woodland, montane, and 
subalpine forest indicate a progressive decrease in the length of season and the 
temperature values, though the Coast forest marks the longest growing season 
and the most equable temperatures. The rainfall and temperature relations 
of the several formations have already been suggested in Chapter IV and need 
not be repeated here. The associations indicate subdivisions or subclimates 
of the formational climates. In general, the Petran associations are drier and 
colder than the Sierran associations of the montane and subalpine climaxes. 
For the three woodland associations, the total rainfall varies less than its 
seasonal distribution, and the temperature relations seem more decisive than 
the rainfall. The piuon-cedar indicates the coldest climate with much of the 
precipitation as snow, the oak-cedar the warmest, and the pine-oak the most 
equable. The first two have from 40 to 70 per cent of their rainfall in the 
summer, and the latter about 20 per cent. The two associations of the Coast 
forest show two subclimates strikingly different in both rainfall and tem- 
perature. 

rhe consociations serve to indicate still finer climatic divisions, both as to 
altitude and latitude, though in general their indications are merged in those 
of the association or formation to which they belong. This is well illustrated 
by the montane forest, in which Pinus ponderosa indicates drier and warmer 
climatic conditions than Pscudotsugci taxifolia , while A.bi&s con, color is more or 
less intermediate. Consociations also indicate potential climates, with 
especial reference to the wet phase of the climatic cycle, where they form 
savannah, as in the case of Pinus ponderosa in the grassland climax, or Juni- 
perus in the sagebrush. The varied groupings of consociations throughout 
an association also have some climatic indications, but these are often obscured 
by edaphie indications of more importance. 

*luo outstanding investigations have been made of the physical factors of 
climatic types. The first is that of Bates, Notestein, and Keplinger (1914 • 7g) 
the second, that of Sampson (1918). The former deals with yellow pine 
Douglas fir, and Engelmann spruce groupings of the central Rocky Mountains! 
lhe factors of the air and soil were measured during 1910-1911 and the fol- 
low mg conclusions were reached as to the differences of the several types : 

“There are wide differences in the heat requirements of the species and in 
the temperatures of the types. The types vary somewhat in air temperatures 
but much more distinctly m soil temperatures. The length of the -roS 
season as determined lrom soil temperatures is a fairly accurate btsis for 
determining what tree should be grown on the site. It is nossible that after 
a senes of careful observations a rule may be laid dowiTby 
season may be determined from a very few soil-temperature measuiemente o? 
a duect relationship between the degree of solar radiation at anv time and the 

“ffl si^y 6 

not a good basis for comparing types except in the same immediate vicinitv 

wfrt known tb f * tiae Physical properties of the soils are uniform In anv 

locality the spruce type probably always receives a greater a™t of 
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cipitjation than the pine, and If all sites had the same aspect and gradient the 
amount of precipitation might determine the type. There are, however, too 
many influences affecting the final value of precipitation to make this element 
a safe criterion. 

“From the above it is readily seen that the measurement of soil temperature 
affords the simplest means for determining the qualities of the site. In this 
measurement are involved the effects of the slope and aspect; the direct or 
indirect solar insolation; the effect of retained snow or precipitation which 
cool the soil; the effect of wind movement and humidity as they may cause 
evaporation from the soil, and the effect of wind movement as it may bring 
heat or cold from areas of different temperature/ 7 

Sampson (1918: 69) has determined the physical factors of the chaparral, 
montane, and subalpine associations of the Wasatch Mountains In central 
Utah, employing standard plants as well as instruments for habitat; analysis, 
and showing the differences with respect to the various factors and responses 
in graphic fashion. His general conclusions are as follows: 

“The mean annual temperature increases gradually from the highest to 
the lowest type, and this results in the longest growing season in the lowest 
type and a gradual decrease in the period of growth with Increase in elevation. 
Thus from the time of the beginning of growth to the occurrence of killing 
frosts there are about 12G days in the oak-brush type, 105 in the aspen-fir type, 
and 70 in the spruce-fir type. 

“The normal annual precipitation is greatest In the aspen-fir association, 
but is only slightly heavier in this association than in the spruce-fir. Less 
than half as much precipitation is recorded in the sagebrush-rabbit-brush as 
in the aspen-fir association; and in the oak-brush type it is only slightly 
greater than in the sagebrush-rabbit-brush type. The precipitation is rather 
uniformly distributed throughout the year. 

“Of the three associations critically studied, the evaporation during the 
main growing season is greatest in the oak-brush type; but owing to high 
wind velocity in the spruce-fir type the evaporation is nearly as great as in the 
oak-brush type. In the aspen-fir type the evaporation factor is notably less 
than in the types immediately above and below. This is accounted for 
largely by the lack of high wind velocity, which is due to the luxuriant vegeta- 
tion and to topographic features. 

“In the case of all species employed, the total, and, indeed, the average 
leaf length and total dry weight produced are notably greatest in the aspen- 
fir association, these activities being rather similar in the spruce-fir and oak- 
brush types. The decreased production in leaf length and the production of 
dry matter in the respective types are in direct proportion to the evaporation. 

“The elongation of the stem is greatest in the oak-brush type, intermediate 
in the central type, and least in the aspen-fir type. Thus stem elongation 
appears to be determined largely by temperature and seems to be little in- 
fluenced by the intensity of the evaporation. 

“The efficiency of the leaves per unit area as manufacturing agents, that 
is, in the production of dry matter, appears to vary inversely with the evapor- 
ation, though, indeed, temperature appears to be one of the important factors. 
The largest amount of dry matter per unit of leaf area is produced in the aspen- 
fir type and the least in the oak-brush type, while in the spruce-fir type, where 
the evaporation is only slightly less intensive than in the oak-brush type, the 
dry matter produced is only slightly greater than in the oak-brush type/ 7 
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Edaphic Indicators —These are either climax or serai dominants and sub- 
dominants. Serai dominants are typical edaphic indicators, since they mark 
the changing conditions of the habitat in its progressive development to the 
final climax condition. Climax dominants differ in their requirements and 
necessarily show indicator responses to local edaphic as well as general cli- 
matic conditions. Subdominants, whether serai or climax, mark minor differ- 
ences in the habitat, and serve also to indicate the dominants in many cases 
where these have been destroyed or removed. The most striking edaphic 
indicators are the seres which arise in bare or denuded areas. Each prisere 
not only marks a particular type of initially bare area, such as water, rock, or 
dune-sand, but it also indicates the changes of the habitat complex, as well as 
the final climax. As already mentioned, each serai stage or community 
indicates a certain set of factors, and at the same time the stages which are to 
come in the development of the climax. This is likewise true of subseres, 
which differ from priseres chiefly in arising in areas denuded by fire or other 
accident, or by the agency of man. They are much more numerous than 
priseres, the successional movement is much more rapid, and the stages fewer. 
Each subsere is an indicator of the disturbance process that originated it, and 
its stages mark the different degrees of development of community and habitat 
on the way to the climax. Such stages, or associes, occur in both subsere and 
prisere. Each marks a particular stage of the habitat which controls it, and 
in turn reacts upon the habitat to produce the next stage. It consists of two 
or more consocies, or serai dominants, which indicate minor changes in the 
stage and hence perhaps different areas of habitat. In addition, each serai 
community contains a varying number of subdominants which constitute 
socies, corresponding to the societies of climax communities. The socies 
mark the more minute differences of the habitat, and perhaps also the minor 
movements within the associes. 

The most important edaphic indicators are those which denote differences 
in water-content, light, or soil, or mark the effect of disturbing agencies, such 
as fire, grazing, etc. In addition to the presence or composition of a com- 
munity, its growth or the growth of one of its dominants serves as an indi- 
cator of variations in the habitat complex or of site quality. 

Water-content indicators.— In the several forest climaxes, the physical pro- 
perties of the soil in relation to water-content are so much more important 
than the chemical that the latter require little attention. As a consequence, 
the indicators of water-content serve as indicators of soil texture, aeration, and 
temperature as well. The water relations of the climax and subclimax 
dominants have been considered briefly under each forest association. The 
climatic relations of the dominants of a community are reflected in the edaphic 
ones, and this may even be true of the dominants of different formations. 
The dominants of drier climates or subclimates take the drier slopes and ridges 
of the local area, and those of moister climates grow on northerly slopes and 
in canyons or valleys. Picect engehnanTii frequently reaches the lower limit 
of the montane forest along the moist canyons of north slopes, while Pinus 
ponderosa extends to the middle of the subalpine forest zone or even higher on 
dry and warm south slopes. In short, dominants indicate the total water 
relation, and hence their climatic indications may be completely subordinated 
to local conditions. 
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It is assumed that all dominants have different water requirements, and 
that each in consequence indicates a different water-content. It is believed 
that the results of further quantitative studies will show that the dominants 
of a sere can be arranged in a linear sequence from the pioneer stage to the 
climax. At the same time, it seems completely established that this sequence 
falls naturally into stages or assoeies, characterized by dominants of the same 
life-form and similar requirements. As a consequence, it becomes possible 
to use the dominants or consocies of a sere to indicate the successive small 
steps in the changing water-content from the initial bare or denuded area to 
the climax, while the associes indicate the stages of longer duration which are 
characterized by a certain set of water conditions. In the prisere, such con- 
ditions and their indicators have some relative permanence, but in the subsere 
the successional movement is much more rapid and the stages sometimes 
obscured. In both cases, however, the basic principle holds that a complete 
series of indicators marks the changes of water-content from an originally 
hydrophytic or xerophytic bare area to the relatively mesophytic forest climax. 
The exact value of each community or dominant as an indicator must await 
more general quantitative study, but the approximate values that can be 
assigned them at present are of genuine service in forest problems. 

Light indicators. — The general principles which underlie light indicators in 
the forest have been discussed at some length in Chapter III, and the light 
relations of the dominants of the various forest associations have been touched 
upon in Chapter IV. The tolerance of western dominants has been indicated 
by Zon and Graves (1911:21), Sudworth (1908), Larsen (1916:437), and 
others. In a study of the tolerance of New England forest trees, Bums (1914, 
1916) concludes that tolerance “really expresses not a light relationship, but 
the total relationship of a tree to all the factors of its habitat.” While the 
results of Fricke (1904) and Burns have shown that competition for water 
must be taken into account in studies of tolerance, light is still to be regarded 
as playing the paramount role. Bums’s further conclusion that light readings 
in the forest are of little value is not in accord with extensive experience in 
making and utilizing such readings in ecological studies. On the contrary, 
one of the chief difficulties in the correlation of edaphic communities with 
their habitats is the absence of measurements of light intensity. Where 
these have been made with care and in large number through several years, 
as in the Pike’s Peak region of the Rocky Mountains, they have proved 
invaluable in the study of reproduction, development, and plant indicators, 
as well as in that of leaf adaptation and photosynthetic efficiency. Measure- 
ments of light intensity in the forests of the West have been made by Clements 
(1905, 1910), E. S. Clements (1905), Pearson (Zon and Graves, 1911:46), 
and Bates (1917:233). Studies of the quality of forest light have been 
carried on for several years by means of a portable spectrophotometer (Cle- 
ments, 1918:291), but the detailed results have not yet been published. 

Site indicators. — The term site, like forest type, has a wide range of mean- 
ing among foresters. While it is regularly employed to denote the habitat, 
it is applied to all possible divisions of the latter. This is understandable, 
since this is the present ecological practice in the case of habitat. But just 
as it has proved necessary to distinguish habitats of different character and 
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various degree, so is it desirable to recognize several categories of site. Climax 
and serai habitats or sites are fundamentally different, though they are often 
found side by side. The habitat of one consociation differs from that of 
another of the same association, and mixed areas of the two show subordinate 
differences. Finally, the same consociation exhibits marked variations in 
growth and density, each corresponding to smaller differences of the factor- 
complex. 

In practice, the forester has emphasized two of the several categories of 
sites. The first is the consociation habitat or the site occupied by a dominant, 
and the second the minor sites marked by significant differences in the growth 
or density of a particular dominant. The more specialized use of the word 
has been in the latter connection (Roth, 1916: 3; 1918: 749; Watson, 1917: 552; 
Bates, 1918:383). As a matter of fact, the two types are developmental^ 
connected, the growth sites, commonly designated as I, II, III, and IV, repre- 
senting a sequence of minor habitats within that of the dominant consociation, 
such as Pinus ponderosa , Pseudotsuga, etc. The recognition of growth sites 
is chiefly important in connection with yield tables and working plans. In 
planting operations, consociation sites must first be determined, and then 
growth sites may be employed to ascertain the most promising areas. 

Growth as an indicator. — As stated in a previous chapter, the presence of a 
dominant furnishes one set of indications, and its growth, another. The 
latter naturally affords a more sensitive scale of measurement, and hence 
indicates the effective differences of the habitat in terms of timber production. 
It is obvious that total growth is the most complete indicator, as Bates has 
insisted (1918 : 383), though it is equally clear that height-growth or even width- 
growth may be used with much success. Since readiness and convenience 
are essential in the practical use of indicators, height-growth has received the 
most attention at the hands of those interested in the classification of sites. 
The whole question of site indicators as well as the advantages of height-growth 
in this connection has been well stated by Frothingham (1918: 755) : 

“Any method of determining forest sites must employ an indicator, whether 
this be the probable ultimate forest (‘climax type 7 ), the height-growth of one 
or more species present, the current annual volume increment of a fully 
stocked pure stand, some herb or shrub typical of a locality, or merely the 
composition of the existing stand. Similar sites are then to be recognized 
either by the identification of similar indicators or by determining the simi- 
larity of the physical-site factors. These may be measured in precise terms 
or simply estimated. Precise measurements appeal to the investigator. 
Accepting the permanent type as an indicator, for example, it would only 
remain to learn quantitatively the physical factors determining it. These 
physical factors wherever found interacting in precisely the same amounts 
will always produce, in time, barring accident or design, precisely the same 
form of i orest. The plan of. classification based on physical factors appeals 
to the investigator because it is truly fundamental. The apparent difficulties 
m deciding what is the permanent type in the isolation and measurement of the 
several physical factors, etc., may not be so formidable, after all, and the work 
may be simplified by the discovery that only one or two of the factors are of 
particular significance. In many large regions, the permanent forest type is 
strikingly apparent. In other places it remains exceedingly obscure. Even 
where plainly evident, subdivisions with reference to yield are a necessity 
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from considerations of future as well as present management. This sub- 
division of permanent forest types or of any other kind of types can be effected 
by the use of an indicator. Indicator plants^ volume growth, and height- 
growth are means to this end. Under certain circumstances the use of 
indicator plants may prove very useful, as experiments by Korstian and others 
indicate. 

“The use of the current annual increment as a means of determining 
site involves the double difficulty of securing a basis and of applying the 
measure of the site, when found, to the identification of similar site conditions 
elsewhere. ^ As an exact indicator it may prove the last word in refining 
previous site determinations in localities where it can be employed, but as a 
general method, suitable for immediate use, it fails to meet the requirements of 
simplicity and widespread utility previously set forth. The utility of height— 
one of the functions of volume, but far less unwieldy as an index— ought 
to be plainly evident to everyone as the logical immediate basis for sub- 
division. Height-growth, as a matter of fact, appeals in two ways: First, 
as an immediate means of classifying forest sites in general, and second, as a 
guide and a short cut in arriving at a possible future classification of sites on a 
physical or permanent type basis. 

“In conclusion, the principle of height-growth as a guide to site has the 
following features: 

“1. It is simple, natural, easily understood, and easily applied in the field. 

“2. It is independent of the determination of physical sites producing 
definite permanent forms of forest; but the two are not antagonistic; both are 
‘indicators' and both demand equally a determination, more or less refined, 
of the physical factors of site. 

“3. The sites determined by height-growth are species sites, not permanent- 
type sites; hence they are useful with reference to short-lived intolerant and 
long-lived tolerant species growing in the same stand. 

“4. By adopting one or more index species (intolerant species of wide oc- 
currence on a variety of sites) the height-growth of other species can be gauged, 
their relative value in each site can be determined, and this value can be ex- 
pressed by naming the site in terms of the growth of each species present, and, 
by analogy, of other species which do not happen to be present. 

“5. It affords a means of comparing the growth of all American species on 
the basis of the soil and climate to which each is best suited, as well as in less 
favorable sites. 

“8. It permits a ready comparison (a) between even-aged second-growth 
stands in widely different regions, thereby avoiding such inconsistencies as 
those to be found in the published yield tables for the same species in different 
States; and (b) between second-growth and old-growth stands in the same or 
different regions. 

“7. Since height-growth Is sensitive to interferences in the natural life of 
the stand (fire, culling, changes in density, .etc.) care and judgment are 
necessary in the choice of trees to serve 1 as the index; but except for very pre- 
cise site determinations, the method, if used with ordinary caution, will 
undoubtedly prove serviceable for the majority of wild-woods conditions as 
■well as for even-aged stands. 

“8. As the knowledge of the laws of growth of our species increases, the 
refinement of site determination by height-growth can be increased." 

The correlation of height-growth with rainfall and other factors has been 
made by Pearson (1918:688) for Pinus ponderosa In Arizona: 

“Western yellow pine in northern Arizona makes its height-growth during 
the period of lowest precipitation in the year. During this period of high 
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activity, the trees are dependent almost entirely upon moisture stored in the 
soil during the preceding winter and spring. Normally the great bulk, and 
in some years all of this moisture, is stored during the winter months, De- 
cember to March. When winter precipitation constitutes the sole supply, 
height-growth in young saplings is apt to be small. If winter precipitation is 
supplemented by 2 inches or more in April and May, a pronounced stimulus 
to height-growth results. It may be stated as a general rule for the sites 
covered by this study, that 2 inches or more of precipitation between April 1 
and May 31 is several times as effective as the same amount in excels of the 
normal precipitation between December 1 and March 31. Factors reflecting 
atmospheric moisture conditions, including evaporation, wind movement, 
relative humidity, cloudiness, and length of rainless period, from April 1 to 
June 30, show a close, though not entirely consistent, relation to height- 
growth. Temperature on the sites studied appears to be important only in 
so far as it affects moisture conditions. Since the increase in temperature 
results in increased water consumption, height-growth, if, as is usually the 
case, there is a shortage of moisture, varies inversely with temperature. Ob- 
servations indicate that where moisture is abundant, height-growth increases 
directly with temperature. Complete records of soil moisture, if available, 
would probably show even a closer relation to height-growth than does pre- 
cipitation. ” 

It is highly probable that water-content is the factor that exerts the primary 
control upon height-growth, and width-growth also. However, it seems 
practically certain that the competition for water and food between the grow- 
ing points and the cambium ring determines that height-growth shall largely 
precede width-growth during each year as well as during the life history of the 
individual (Mitchell, 1918). The studies of Brewster (1918:869) indicate 
that “the height-growth of larch seedlings does vary in accordance with 
variations in weather conditions from year to year, and that the most favor- 
able conditions for rapid height-growth are produced in the North Idaho 
region by a combination of temperatures somewhat above the average, 
coupled with a high percentage of clear days, with an average amount of pre- 
cipitation evenly distributed in the form of good rains at intervals of four to 
ten days preceded and followed by lighter showers.” The greater rainfall, 
lower temperature, and greater cloudiness of northern Idaho in comparison 
wflth northern Arizona readily explain the relatively greater importance of 
temperature and light in height-growth, as well as the difference in the sea- 
sonal occurrence. This must be expected for the various climax associations, 
for which the task of correlation is primarily one of discovering the limiting 
factor by the measurement of the habitat complex. 

In the determination and classification of sites, as well as in their discussion, 
it will conduce to clearness to recognize that this is almost wholly a matter of 
applying the indicator method. While the word site appears to refer to the 
physical conditions, it does so only in so far as these are indicated by the 
presence or growth of the species concerned. And while it is felt that the 
species affords a better measure than instruments do, such a measure is one of 
actual growth and not one of the controlling or limiting factors. Hence, it 
must be recognized that height-growth indicates habitat only in a general 
way, and that its specific indications apply only to the productiveness of the 
area in terms of a particular tree crop. 
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Burn Indicators. — It Is a general rule that subclimax dominants serve as 
the typical indicators of forest bums. This is in conformity with the principle 
that almost any consocies -and many socies of the subsere may indicate fire 
as well as other similar disturbances, the particular initial stage depending 
upon the degree of disturbance or the frequency of its repetition. The uni- 
versal occurrence of tree and shrub consocies as burn indicators is explained 
by the fact that fire not only produces areas temporarily free from the com- 
petition of the climax species, but also characterized by conditions favorable 
to less exacting species. Their characteristic dominance is chiefly due to the 
rapidity and completeness with which they occupy the ground, as a conse- 
quence of excessive seed production, the opening of cones by fire, or the ability 
to produce root-sprouts. The conifers rely almost wholly upon the first 
two methods and chiefly the second, while the deciduous trees depend mainly 
upon root-sprouts. Among trees, the three types are represented respectively 
by Pseudotsuga and Larix , such pines as Pinus contorta and attenuata, and by 
aspen, birch, and alder. The scrub indicators owe their character almost 
wholly to root-sprouting, reinforced more or less by seed production and 
mobility. 

The burn subsere consists of the usual stages of annual and perennial herbs, 
grasses, shrubs, and trees. However, the number and distinctness of the stages 
and the duration of the subsere depend chiefly upon the severity of the burn. 
In the most severe bums the initial community often consists largely or wholly 
of mosses and liverworts, Bryum , Funaria , and Marchantia , and is followed 
by one of annuals, and this by one of perennials. The species, and to a less 
extent the genera, of these vary with the climax association, but such species 
as Agrostis hiemalis , Epilobium spicaium, Achillea millefolium , and Pteris 
aguilina are more or less universal. The development of a grass stage is less 
regular, since its place is often taken by scrub when the root-sprouting shrubs 
are abundant. The scrub is normally replaced by aspen, birch or alder, and 
these may yield to a subclimax forest, such as that of lodgepole pine, or be 
replaced directly by the climax. It is obvious that fire may sweep through 
the scrub, aspen, or lodgepole communities, and initiate new subseres, pro- 
ducing an intricate pattern of seres and communities. In the great majority 
of cases, the succession is more or less telescoped, and often completely so. 
The root-sprouting ability of the shrubs and aspen and the release of the seeds 
inclosed in cones or buried in the duff enable the shrubs and trees to begin 
development the first year, at the same time that the herbs appear. In such 
cases practically all the dominants appear at once, but the development still 
exhibits many of the features of succession. The stages, though brief, give 
character to the area in the normal sequence and each disappears in turn as 
the competition of the next one becomes too great for it; 

For the reasons just given, the herbs are relatively unimportant indicators 
in complete burns, though they are characteristic in the case of light ground 
fires. The burn subsere is characterized almost wholly by scrub, deciduous 
woodland, or subclimax forest, not only because of the duration of the latter, 
but also because repeated fires tend to make them relatively permanent. On 
account of differences of distribution as well as the general similarity in require- 
ments, the three types rarely occur in the same subsere. Two, however, are 
frequent, aspen and lodgepole being the most common. The rule is that the 
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dominant with the greatest requirements is the subclimax. This is in accord 
with the occurrence of lodgepole as the characteristic burn community in the 
northern Rocky Mountains; aspen in the southern, and scrub in the Southwest 
and in California. As bum indicators, they have several features in common, 
in spite of their differences in life-form. They not only indicate the possibil- 
ity of reestablishing the climax by preventing fire in some cases or by planting 
in others where the original climax dominants have disappeared. Rut they 
also make it clear that artificial means and fire especially must be resorted 
to in areas where it is desirable to maintain the subclimax as a relatively 
permanent type (plate 87). 

The importance of burn subclimaxes has been emphasized by Clements 
(1910: 56) in the case of the lodgepole pine: 

“The lodgepole forest is the key to the silvicultural treatment of the forests 
of the eastern Rocky Mountains, especially in Colorado and Wyoming. Its 
position in a zone between Douglas fir and yellow pine below, and Engelmaim 
spruce and alpine fir above gives the forester a peculiar advantage. Its 
enormous seed-production, the power of the seeds to remain viable in the 
cones for years, its preference for soils of moderate water-content, the de- 
pendence of reproduction upon sunlight, and its rapid growth are all points 
of the greatest value in enabling the forester to accomplish his results. And 
it is by means of fire properly developed into a silvicultural method that the 
forester will be able to extend or restrict lodgepole reproduction and lodgepole 
forests at will. ” 

The relation of aspen to lodgepole in bum subseres and its r61e as a tem- 
porary type have been dealt with in the same study (20, 47). The significance 
of aspen as a bum subclimax and its importance as a temporary type have 
been discussed by Pearson (1914: 249), Sampson (1916:86), and Baker (1918: 
294, 389). In the Northwest where Pseudotsuga forms a remarkably per- 
manent subclimax in burns of enormous extent, Hofmann (1917:23) has 
reached the following conclusions: 

“The study of burns and cut-over areas in the Douglas-fir region of the 
Pacific Northwest has brought out the following facts: The distance to which 
seed trees are capable of restocking the ground is limited to from 150 to 300 
feet. They can not, therefore, account for the restocking of the large burned * 
areas. The irregular dense stands of young growth are due to seed stored in 
the forest floor or in cones. This seed retains its viability through the fire 
and is responsible for the dense reproduction that springs up after the first 
fire. The even-aged stands of reproduction immediately following a fire, 
regardless of location of remaining seed-trees, the irregular alternation of 
dense stands of reproduction with grass areas, and the failure of reproduction 
on areas burned over by a second fire before the stand reaches seeding age, or 
by consuming all of the duff and precluding any possibility of seed remaining 
after the fire, all point to the seed stored in the duff as the principal source of 
seed responsible for the restocking. 

“fainee the seed must be produced by the stand before it is destroyed, the 
age at which the different species begin to produce seed is of the utmost im- 
portance. It varies greatly, and this variation alone is often the controlling 
factor an determining the composition of the second growth. For example, 
when western white pine, Douglas fir, and knobeone pine (Firms attenuata) 
appear m a mixed stand which is destroyed by fire, all of these species may 
again appear m the next stand ; but if this second growth is destroyed by fire 









A. Anaphalis and EpiloUvm indicating a recent burn. Wind River Experiment SI at ion 
Washington 

15. Plm'b and Habits indicating fire following one marked by Arbutus, Frau us, etc.. Pm wlo- 
tmga forest, Eugene. Oregon. 
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when it is from 10 to 12 years old, the next stand will consist principally, if 
not wholly, of knohcone pine. The knobcone pine begins producing seed 
when It is 6 years old and is producing good crops of seed at 10 years, while the 
white pine and Douglas fir bear only occasional cones at ages under 12 years. 
Therefore the knobcone pine is the only species which has any seed present to 
produce a forest stand following the second fire. Instances of such types are 
the knobcone pine types on the Siskiyou National Forest/ 7 

Scrub communities are regularly indicators of fire where they are in contact 
with forest. In fact, sagebrush appears to be a fire subclimax in the pinon- 
cedar woodland, as well as in the southern portion of the Coastal chaparral. 
Chaparral, however, is the typical scrub indicator of fire in woodland and 
forest. This is as true of the subclimax chaparral along the eastern edge of the 
grassland climax as it is of the Petran and Coastal associations. The most 
characteristic development of chaparral as a burn indicator is found in the 
montane forest in California, where the scrub persists as a more or less com- 
plete forest layer (p. 213; cf. Mitchell, 1919: 39; Foster, 1912:212). Chaparral 
owes its importance as a fire indicator to its remarkable ability to form root- 
sprouts, and hence the form of the dominant shrubs is itself a response to fire. 
Fire in chaparral leads to a short subsere, in which the herbaceous stages per- 
sist for only a few years before the new shoots overtop them. Repeated fires 
may produce a subclimax characterized by Eriodictyum , or by Artemisia , 
Salvia , and Eriogonum. In the region of its contact with woodland and forest, 
chaparral is an indicator of forest burns, and consequently is subclimax. 
This is true in both associations, but is more marked in the Sierran, perhaps 
because of its greater massiveness. Munns (1919:9) has assumed that all 
of the latter is a temporary type due to fire, but this certainly seems not to be 
true of the regions with 12 inches or less of rainfall This assumption is 
largely due to a misconception of what constitutes the test of a climax. Both 
of the tests used, the successful planting of trees and the existence of scattered 
trees and tree stands, would prove the grassland climax to be a temporary 
one. The critical processes in the establishment of a forest are seed-pro- 
duction, dissemination, and ecesis, and artificial planting is powerless to throw 
light upon the outcome of these. Further studies of the chaparral formation 
during the past three years have confirmed the view expressed in 1916 (Plant 
Succession, 180) that it constitutes a real climax, though portions of it are 
undoubtedly subclimax. This view is supported by the conclusions of Cooper 
(1919), who has made an Intensive study of the California chaparral upon the 
instrumental and successional basis (plate 88). 

Grazing indicators —With reference to the forest itself, only those grazing 
indicators are of importance that indicate overgrazing, and hence actual or 
potential damage to the reproduction. The presence of the usual overgraz- 
ing indicators would serve this purpose, but these are usually accompanied by 
evidences of damage to the seedlings as well. However, 'while abundant 
evidence of this nature denotes overgrazing, it is still a question as to just 
when this becomes critical in the reproduction of the forest. In fact, it is 
clear that the critical degree of overgrazing depends much upon the nature 
of the community, time of year, age of the seedlings, and other factors. Much 
light has been thrown upon the problem by three careful studies in the national 
forests. 
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Hill (1917; 23) lias reached the following conclusions with reference to the 
d am age done to seedlings in the yellow-pine forests of northern Arizona: 

“Of 8,945 frees of a size subject to grazing, observed over a period of three 
years, 1,493 or 16.7 per cent were severely damaged each year and 1,222 
or 16.1 per cent were moderately damaged. The most injured are the 
seedlings, 21 per cent of which are seriously damaged. The damage gradually 
decreases with an increase in the size of the trees. Trees above 4.5 feet in 
height are free from damage by browsing. The greatest amount of damage 
occurs during the latter half of June and the first part of July, or when the 
effects of the spring dry period are most pronounced. Under normal con- 
ditions of grazing, cattle and horses do an inconsiderable amount of damage 
to reproduction. Sheep under the same conditions may be responsible for 
severe injury to 11 per cent of the total stand. On overgrazed areas all 
classes of stock are apt to damage small trees severely. Cattle and horses 
may damage about 10 per cent of all reproduction. Where sheep are grazed 
along with them, however, at least 35 per cent of the total stand may be 
severely damaged. The amount of palatable feed available during the graz- 
ing season, and especially during June and July, has an important bearing on 
the amount of damage that grazing will cause to reproduction” (plate 89). 

Sparhawk (1918) has shown that the damage to seedlings more than a 
year old is negligible in the yellow-pine forests of central Idaho, while the 
mortality of seedlings less than a year old averages 20 per cent. He states 
that, on the whole — 


“More than three times as many seedlings were killed by other causes as 
X were killed by sheep grazing, and five times as many were injured. As a 

general rule, the range should be grazed just enough to remove the greater 

I I ■ part of the palatable forage. Extensive browsing of the least palatable species 

or of conifer reproduction is the best evidence that the area is being grazed 
; too closely not only for the good of the range, but also for the best interest of 

the stock. Steep slopes with loose soil, particularly where the seedlings are 
;; less than a foot and a half high, and reproducing burns, clear-cut areas, or 

; plantations with seedlings up to 5 or 10 years old, depending on the site, 

I - should be grazed rather lightly, especially in the first part of the season or 

i during a wet period. In many instances it will be desirable to eliminate 

| ’ grazing entirely from plantations or other areas of seedlings less than three 

years old. During a dry season spots where danger of fire is greatest may be 
i , grazed as closely as possible.” 



Sampson (1919:25) has summarized the results of his study of the effect 
of grazing upon aspen reproduction as follows: 

“The leafage, young twigs, and branches of the reproduction are browsed 
with varying degrees of relish by both cattle and sheep. Over 90 per cent of 
the damage inflicted by stock is chargeable to browsing, the injury due to 
trampling, rubbing, and similar causes being negligible. Sheep are responsible 
for severe damage to the reproduction, both as it occurs in standing timber and 
on clear cuttings, regardless of the variety and supply of choice forage. Cat- 
tle cause some damage, but the extent of injury is usually slight, except where 
the lands are overgrazed or where the animals are inclined to congregate for 
more or less lengthy periods. The injury and mortality chargeable to the 
presence of live stock is roughly proportional to the closeness with which the 
lands are grazed. Observations covering a 50-year period in standing timber 
on sheep range showed that 27.2 per cent of the reproduction was either in- 
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jured or killed on lightly grazed plots, 31.8 per cent on moderately grazed areas, 
and 65 per cent on heavily grazed plots. During 1915 and 1916 the average 
percentage of injured and killed sprouts by cattle browsing was 1.6, 2.4, and 
26.8 on lightly, moderately, and heavily grazed plots, respectively. On clear- 
cut lands, where the reproduction is conspicuous and the stand even, the 
annual mortality due to sheep grazing is exceedingly heavy. As a rule, three 
years of successive sheep grazing on such lands results in the destruction of 
the entire stand.” 

Cycle indicators.— Trees, and shrubs also, may serve as indicators of climatic 
cycles by virtue of their growth, seed-production, or reproduction. In addi- 
tion, there appears to be a certain correlation between the frequence and in- 
tensity of forest fires and the dry and wet phases of the cycle. The growth 
of trees as recorded in the annual rings is the classic material for the studies of 
Douglass, Huntington, and Kapteyn upon climatic cycles. The width of the 
ring indicates the varying rainfall of different years so clearly that Douglass 
(1919) has found it possible to cross-identify rings from trees grown many 
hundreds of miles apart. He has also found that the yellow pines of central 
Arizona often indicate two growing periods in one year by the formation of a 
double ring, and Shreve (1917:706) states that tins appears to be regularly 
the case with trees at 6,000 feet in the Santa Catalina Mountains. It seems 
almost certain that height-growth and volume will likewise show cycle cor- 
relations, and this is suggested by Pearson’s results in the study of the re- 
lation of height-growth to spring precipitation in northern Arizona (p. 351). 
The suggestion that seed-production is related to climatic cycles is based upon 
its well-known periodicity (Zon and Tillotson, 1911: 133), as well as upon the 
fundamental fact that as a growth response it is controlled primarily by water 
and temperature. It seems probable that the seed-production cycle of pines 
especially is a response to the interaction of the 11-year cycle and the excess- 
deficit cycle of 2 to 3 years. 

Reproduction reflects more or less faithfully the variations in rainfall dur- 
ing the 2 to 3 year, the 11-year, and the 22-year cycles. This correlation is 
clearly seen in the case of woodland and montane forest, especially at the 
lower limit, but it is naturally less evident in climaxes with a higher rainfall 
It is most striking where woodland or forest is in contact with a community 
of lower water requirements, such as grassland, sagebrush, or chaparral, and 
shows less in the reproduction on the forest floor. All the cases of tree savan- 
nah and “ natural parks” so far investigated warrant the working hypothesis 
that reproduction in such areas is cyclic and corresponds as a rule to the 
11-year cycle, though minor variations conform to the 2 to 3 year cycle. 
There is also considerable evidence that the success or failure of planting 
operations has often been determined by their accidental coincidence with the 
wet or dry phases of the 11-year cycle, while it is obvious that in the future 
planting should be carried out with reference to the phases of the 2 to 3 year 
and 11-year cycles (plate 90). 

PLANTING INDICATORS. 

Kinds, — Indicators of sites for planting are of two kinds: (1) those that 
indicate the former presence of forest; (2) those that suggest the possibility 
of developing forest in grassland or scrub areas. The first are indicators of 
reforestation, the second of afforestation. The obvious indicators of reforesta- 
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lion are relict survivors, or trunks and stumps. Less obvious ^ but equally 
conclusive are charred fragments or pieces of charcoal in the soil In those 
eases where there is no direct evidence of the original forest, the desired clues 
are readily afforded by indicator communities which bear a definite relation 
to the forest. Such are serai and especially subclimax communities which 
exhibit a successional relation to the forest climax, and societies of shrubs or 
herbs which formed layers in it. While the latter are frequent in bums and 
clearings, they are usually accompanied by tree relicts which furnish more 
direct evidence. In some cases, however, they are the sole indicators of the 
former existence of forest in a particular spot. Subclimaxes are by all odds 
the best indicator communities of forest climaxes, since they show that the 
habitat has reached the condition in which the climax dominants can thrive. 
The earlier communities of a subsere have nearly the same value, since the 
habitat undergoes relatively slight change. In the case of a prisere, only the 
grass and scrub stages indicate that the slow reaction upon the originally bare 
area has reached a point in which remaining changes may be compensated by 
planting operations. Afforestation indicators are savannah, chaparral, or 
grassland of tail-grasses, in which the water requirements are sufficiently near 
those of trees that the gap may be bridged by planting methods, and espe- 
cially by making use of the increased rainfall of the wet phase of the climatic 
cycle. 

Furthermore, the indicators of sites for planting or sowing serve also to 
indicate the preferred species. In the case of reforestation, the general rule 
is that these are the climax trees that were in possession, but reasons of manage- 
ment may make it desirable to employ a subclimax dominant, such as lodge- 
pole pine. Similarly, the growth-form best adapted for planting in a region 
is the one developed by that region, as the Forest Service has repeatedly 
demonstrated at its experiment stations. In the case of afforestation, the 
indications as to species must be derived from tree communities somewhere in 
contact with the grassland or scrub, as from pine in the case of the sandhills of 
Nebraska, from the indications of an intermediate community, such as scrub, 
or from the comparative study of habitats. 

Prerequisites for planting and sowing— The critical part played by rodents 
and by competition in natural reproduction was recognized more than a 
decade ago (Clements, 1910). Extensive tests of sowing in many national 
forests by the Forest Service has shown that destruction or control of the 
rodents is imperative (Tillotsoxi, 1917:50). In fact, it seems evident that 
for practically all regions rodents are the most serious enemies of both natural 
and artificial reproduction, and that they should be systematically and 
permanently cleared out of all areas in which reproduction is important. Com- 
petition is a process which is less readily controlled on a large scale. Com- 
petition for water is much more decisive as a rule than for light, the latter 
usually becoming critical only in dense scrub or similar communities. The 
disturbance of the soil involved in planting seedlings or in sowing by the seed- 
spot method usually suffices to reduce water competition sufficiently, except in 
a grass sod. ^ The latter is usually encountered in clearings and in grassland 
associations in which afforestation is the method to be employed. In climax 
grassland, where the annual rainfall is less than 25 inches, the grasses use all 
of the water-content during the drier portions of the season. As a consequence 



A. Reproduction cycle of Picca t utwluuiuni, Uneompahgrc Plateau, Colorado. 

R. Extension of Jumper us into sagebrush during wet phase of cycle, Milford, 1 tah 
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seedlings or transplants have little chance of survival unless the sod is de- 
stroyed about them, or unless planting is done during a period of unusual rain- 
fall. As a desirable precaution under all conditions, the competition of the 
grass cover should be decreased by such treatment as the density of the sod 
and the nature of the soil will permit (Bates and Pierce, 1913:43). By far 
the most important practice in this connection, however, is the utilization of 
climatic and seasonal cycles to evade serious drought during the first few 
years (Hofmann, 1919). 

Use of climatic cyeles. — The critical importance of wet and dry periods for 
planting plans is strikingly shown by the variations in rainfall' for the two 
areas in which afforestation has been tried on a large scale. The lowest rain- 
fall at Valentine, on the northern edge of the sandhill region of Nebraska, was 
10 inches in 1894; the highest was 28 inches in 1905. The lowest rainfall at 
Garden City, in the sandhill region of Kansas, was 9 inches in 1893; the 
highest was 29 inches in 1898. In both cases the rainfall of the wettest year 
was practically 3 times that of the driest, and the wettest and driest years 
departed practically 10 inches from the normal. A somewhat similar con- 
dition is shown at higher altitudes, where most of the reforestation planting 
and sowing is done. The base of Long’s Peak, altitude 8,700 feet, shows a 
variation from 14 to 30 inches, while Pike’s Peak, altitude 14,100 feet, exhibits 
a range of 9 to 44 inches. In all of these, the minimum rainfall occurred at 
the maximum of the 11-year sun-spot cycle, while the maximum rainfall either 
occurred at the sun-spot minimum or was related to it through the excess- 
deficit cycle of 2 to 3 years. In planting operations, the minimum is to he 
avoided at all costs, and this can be done almost certainly by utilizing the 
date of the maximum of the sun-spot cycle of 11 years. It is almost as im- 
portant to anticipate a period of several wet years. The correspondence, of 
the wet phase with the sun-spot minimum is not so good as that oi the dry 
phase with the maximum, but it is sufficiently close in time and amount to 
make a great improvement over present methods. When the excess-deficit 
cycle is taken into account, the correspondence becomes so close as to warrant 
the assumption that planting can be planned in such a way as to avoid dry 
periods and to coincide with wet ones. As already shown in Chapter V, it is 
necessary to determine the operation of the climatic cycle in the particular 
region concerned. 

Reforestation indicators. — The first definite proposal to use native plants as 
indicators of specific planting sites appears to have been made by Zon (1915) : 

“The selection of sites suitable for planting in a region which has been 
stripped of its natural timber is among the most perplexing problems. As 
long as there is a remnant of the virgin forest left, the latter may serve as a 
guide in selecting the species to plant on the given site. 

“When, however, as is the case of the Ephraim Canyon and several other 
canyons on the Manti Forest, the original virgin timber has nearly disappeared 
altogether, both as the result of severe burns and grazing, and has been re- 
placed by shrubs, herbaceous vegetation, and wide stretches of aspen cover 
extending over an area originally occupied by several forest types, the ques- 
tion of deciding what species to plant on a given site becomes very difficult 
indeed. In such cases the shrubs and the herbaceous vegetation which occur 
throughout the canyon can be used to advantage as an indicator of the mois- 
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ture content of the different sites and therefore for prognosticating the kind 
of timber the site can best support. The native shrubs and herbaceous 
vegetation, since they are not merely forerunners of the forest type that will 
eventually develop on a given site, but are also associates and are characteris- 
tic of different types as their typical undergrowth, are useful in deciding upon 
the species to plant. This is true not only where the original forest has en- 
tirely disappeared, but also on sites where there are still some traces of the 
original stand but which, because of the change in the physical condition of 
the site brought about by clear-cutting or burning, may better support a 
species which naturally grows at a somewhat lower elevation, 

“For the purpose of artificial reforestation, Ephraim Canyon may be di- 
vided into five vegetation belts. The upper and lower limits of these vegeta- 
tion belts vary, of course, on the southern and northern exposures; on the 
southern slopes the upper limits of each vegetation belt will extend to a higher 
elevation than on the northerly slopes, but wherever . a certain vegetation is 
found it may be indicative of one or another natural timber belt, irrespective 
of the altitude or exposure. These five belts are as follows: (1) the lower 
timberless belt; (2) the yellow-pine belt; (3) the Douglas-fir belt; (4) the 
Engelmann-spruce belt; and (5) the upper timberless belt.” 

The indicators of the various zones are shown in figure 25. 

Tillotson (1917 : 53) has pointed out the importance of indicators in the 
selection of planting sites (plate 91): 

“The suitability of an area is very strongly indicated by the natural growth 
present. This is a pretty fair criterion of the quality of the site, and it points 
out the species which are most likely to succeed — either those which naturally 
occupy the area or others whose demands upon soil and climate are quite 
similar. A heavy growth of trees on similar adjacent sites will indicate that 
the area is quite probably suitable for sowing or planting; while a sparse growth 
of a drought-resistant species of tree on such sites will indicate that the area is 
only suited to reforesting with very drought-resistant species and that even 
then success will be uncertain. ” 

He has also given a detailed summary of the planting indicators for the 
various regions and the most important species of the West. The nature and 
importance of his account may be gained from the following extract, which 
gives the indicators for Utah and southern Idaho: 

“Western yellow pine in Utah: (1) Burned-over areas in the natural yel- 
low-pine types; (2) areas covered with brush, mainly of oak, maple, and 
service berry; (3) areas covered with open stands of scrubby aspen; (4) sage- 
brush areas. 

, “Western yellow pine in southern Idaho: (1) Those sites producing yellow 
pine naturally; (2) brush areas within the limits of yellow pine and adjoining 
stands of that species; (3) open grassy areas in the neighborhood of timber 
stands. 

“Douglas fir: (1) Burns within the fir type; (2) sites covered with aspen 
of moderate density; (3) burns in the Engelmann spruce type; (4) areas 
covered with brush of oak, maple, service berry, cherry, and other deciduous 
species; (5) open grassland and mountain meadows. The planting of this 
species naturally centers mainly around the aspen type, particularly in Utah. 
The last two sites are not considered favorably for planting at present. 

“Engelmann spruce: (1) Burned-over, non-restocking Engelmann spruce 
and balsam-fir cuttings; (2) the denser and better stands of aspen occurring 
at high altitudes; (3) iodgepole-pine burns. 


A. Arbutus indicator of reforestation sites, Psaidohnu/a forest., Eugene, Oregon. 

B. Reproduction of Pscudulsuf/a from seed stored in soil, Wind River Experiment Station, 

Washington. 
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“ Lodgepole pine: (1) Lodgepole-pine bums which are non-restocking; 
(2) non-restocking Engelmann-spruce burns; (3) aspen-covered areas at 
higher altitudes. This species is not thought suitable for planting on brush 
areas nor on open grassy land where sheltering objects are missing.” 


PROTECTION PLANTING , PimBte£ilis 

ELDER, GOOSEBERRY, / A, Issiocarpa (shrub) 
f Chrysotharamis sp. 
ALPINE FIE j Salix giaucops 

_ 

/ Abies lasioearpa- 100 
/ Pachystigma myr$imtes-10 
yr Rudbeckia oeeidentalis -10 
/ Sambucus microbotrys-HM) 

/ Pachystigma my rsinites-50 
/ Populus tremuloides-50 (Aspen) 

J Abies iasiocarpa-100 (Alpine fir) 

/ Rudbeckia oeeidentalis -100 (Cone dower) 

J Ribes mebrians-100 (Mt. Currant) 
f Symphoriearpus occidental is -50 
Opulaster maivaceus -10 (Nine bark) 


ENGELMANN 
SPRUCE SITES 


LODGEPOLE 
PINE SITES 


jT Symphoriearpus occidentalis-100 (Deer brush) 
y/ Populus tremuioides- 100 (Aspen) 

DOUGLAS FIR f Pachystigma myrsinites -100 (Mt.NIyrtle) 

crr ,„ c , / Lonicera involuerata (Honeysuckle) 

1 / Ribes sp, - 10 (Wild Gooseberry) 

/ Sambucus microbotrys- 50 (Ml, Elder) 

I Berberis repens - 100 (Barberry 5 


Rhus trilobata -10 ( Sumac) j 

Cercoearpua parvi foil us-190 (Ht*Ma.hogaay)j 


PLANTING 


j Quercus gambellii-lOO(Oak) Rhus trilobata -10 1 

j Purehia trideutata-100 Cercoearpua parvifolius-1 

YELLOW PIN i? J Betula fontinalis-100 (Birch) 

/ Berber ia repens-50 (Barberry) 

SITES / Arctostaphylus pungens-100 (Manzanita) 

” J ’ / Symphoriearpus occidentals -10 (Deer brush) 

/ Rosa fondled - 100 (Rosebush) 

7 5Q(} '/ Amelanchier alnifolia 50 Quaeberry) 

* ¥ Rosa fendleri (Rose bush) 

/ Amelanchier alnifolia (Juneberry) 

/ Pinus edulis (Pinon) Juniperus utahensis (Cedar) 
/ Artemisia tridentata (Sagebrush) 
y Chrysothamnus nauseosus (Rabbit brush) 
y Peraphyllum ramosissimum (Wild apple) 

Bromus tecjtorum (Cheat brome) 



Fig, 25. — Indicators of planting sites in the various zones, Utah Experiment Station, 
Ephraim. After Zon. 

Korstian (1917 : 281) has made use of the herbaceous and shrubby species 
in distinguishing between Sites I and II for yellow pine in the Datil National 
Forest in New Mexico. 


“A perusal of the list shows marked differences in the individuality of the 
vegetation of the two sites. Site I is shown to produce such typical meso- 
phytes as Mnium sp., Agrostis hiemalis, Bromus polyanthus , _ Muhlenbergia 
wrightii, Populus tremuloides, Arenaria confusa, Cerasiium longipedunculatwn, 
Silene laciniata, Aquilegia chrysantha, Thalidrum wrightii, Draba helleriana, 
Potentilla atrorubms, P. crinita, Rosa fendkri, Geranium richardsonii, Viola 
neomexicana, Amarella scopulorum, Gentiana bigelowii, Prunella vulgaris , 
Mimulus langsdorfii, Penstemon virgatus, Campanula petiolata, and Solidago 
neomexicana. Site II bears such transitory species and xerophytes as Poa 
rupicola, Commelina dianthifolia, Yucca sp., Quercus grisea, Portulaca oleracea, 
Heterothrix longifolia, Cercocarpus breviflorus and Hymenopappus radiatus. 
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The moss (Mnium sp.) was found only in cool, moist, and shaded sitmfiVmo 
111 pleating unusually favorable site conditions. The monkev ’ 
(Almuhis longsdorfit) was the only plant which was confined to the proximity 
of water, indicating excessive soil moisture conditions. P °™ mtj 

1 raetically all of the species listed as occurring: entirelv on SHf a tt * i 
<Jo not overlap on other site,, were found in hot, 4 aX^lSsiLS 
bM might be regarded tentatively as indicators of poor western Vcllow-nir»A 
sites m the ban Mateo Mountains. The mesophytes listed as possible Site f 
inductors were not found on poorer sites in this locality. However it mav hi 
tme that further detailed studies in the San Mateo Mountains Sht 
a different listing of the vegetation than that here given. A numbernftlp 
species listed as occurring on only one site are, to the writer’s personaTknowl! 
edge, known to occur on different sites in other parts of the Southwest The* 
vegetation on Site II was comparatively sparse and more open than on Sit J 1 ? 
where it was also more luxuriant and vigorous. Those Seswhieh w!, 1 

^itTf t 0 P ver ap on + b T ot + s ^ tes norma Hy made their optimum development on 
iff, L A PPmximately twice as many species were found on Site I as on Site 

sihdfv < ;ff b0n i !ndie i ato . rS -~ As aIready stated > the indicators of the pos- 
sibility of forest production in grassland and scrub climaxes are either such 

Sw^°f COram r tleS 0f trees as are found in savannah or in the frint 
mg woods of river; valleys, or such grasses and shrubs as indicate an approach 
to the water requirements of trees. As a matter of fact nrHAfioal off + 
tion has been confined chiefly to the sandhill regions of Nebraska and Kan 

.ntte^ofwhtehafuur of these 

Indeed, the success of planting in Nebraska and its fa ' ire in KaSSTre reh ted 

tween reforestation and atfore^ation latter’is te’a^ed ^ V 
with those chmases, erassknd and £rub “ d0 ^ 

sasr • JSia tssse d ? nbu= 

at least El graSSl “' i form “ tion ™« *!>« Miocene 

thS™»Sis 1 ofNebmh\Sd£SE tte f’" d “? W !“ oIli ° dicat ? d 

This evidence consisted whollv nf oil J r re ^ 01 ssted as he regarded it. 

cM yy eh„w P rtE h si?E7i;r n rdictt ot 

as well as eastern tieesfand JfrabsL’fhte^ ifoosi there are western 

now grows with ShCTlmesTnnnU^Jifi 0 ^ I.- 116 f he 


the yellow pine is now to be I T Dakotaline “ Sheridan County; 
its tributaries as far east as the torder h of HeR°P of ^Niobrara River and 
along the North Platte Biver and Lodve T>nUn ^ ^tended eastward 

pioneers destroyed it, forty orffitvvS™^ ^ Dead County until the 
ties m at least one station on the LpubhcanR^ m f.? n , sidera ble quanti- 
early settlers; in the Loup Valiev ther^^ttii R - r untiI dest ™yed by the 

and North Loup Rivers; Fogs and Hal^eSs ofni^ff 6S ° n the ® outh ’ Middle > 
in the sandhills. ” 8 gments of pme trees occur here and there 
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Pool (1914:267) has considered in some detail the sandhill communities of 
shrubs which show the close approach to the water requirements of trees, 
among the most important of which are Celtis, Primus , and Salix. 

Bates and Pierce (1913: 15) have discussed the sandhill shrubs in their 
general relation as indicators of forestation and of planting sites: 

“Of the numerous woody undershrubs the yucca, or soap-weed (Yucca 
glauca ), is probably the most striking plant of the sandhill region and is least 
abundant where the soil is the most stable and firm. Other shrubs, most of 
which are more or less gregarious and form clumps or mats on the ground, are 
the sandhill willow (Salix humilis ), very common on north slopes ' and indic- 
ative of good moisture conditions, the redroot or New Jersey 'tea ( Ceanothus 
ovatuB ), typical of sandy hilltops; the sand cherry (Primus bemyi), found in 
almost any site, but especially in the loose sand' around blow-outs; and the 
shoe-string bush (. Amorpha ecmesceiis), Wolfberry (Symphoricarpos occi - 
dentalis ), choke-cherry, and wild plum frequently f oral thickets on the slopes 
of pockets facing the southeast, where they are favored by the moisture from 
snowdrifts. The first-named seldom becomes more than 2| feet high, the 
other two frequently 15 feet. 

“From the standpoint of forestry one of the most important of the woody 
plants is the low bearberry or kinnikinnik (Ardostaphylos um-vrsi). While 
this grows in only a few limited localities, on moist north slopes, it is thought 
to be indicative of conditions favorable for western yellow pine, since it is an 
almost invariable associate of that tree in the Rocky Mountains, 

“Typical of the, stream valleys in both Kansas and Nebraska are the false 
indigo (. Amorpha fruticosa), the buffalo berry, peach-leafed willow, sand-bar 
willow, wolfberry, plum, and ehokeberry. The diamond willow, one of the 
Nebraska sandhills 3 most valuable small trees, is not found in Kansas. On 
the whole, shrubby growth is much more typical of the Nebraska than the 
Kansas sandhills, which usually have a heavy grass sod that does not permit 
the growth of shrubs,” 


u. s. 
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Abies 208, 209, 210, 218, 220, 221, 222, 223, 
224, 225, 226 

amabilis 214, 217, 218, 223, 227 
concolor 197, 205, 207, 208, 211, 212, 213 
223, 346 

grandis 214, 215, 217, 218, 219, 220, 221 
lasiocarpa 216, 221, 222, 223, 224, 225, 226 
227, 228 ” 

magnifies 223, 224, 227, 228 
shastensis 227 
nobiiis 217, 218, 223, 227 
Acacia 162, 163, 164, 165, 166, 168, 169, 170, 
172, 173, 277, 301 
catechu 16 

constricts 164, 168, 169, 171, 172, 174 
greggii 164, 168, 169, 171, 172, 173, 174 
Acanthaceae 60 
Acer circinatum 219 
glabrum 210, 219, 22S 
negundo 42, 188 
saccharinum 42 
Acerales 178 „ 

Achillea millefolium 15, 68, 93, 130, 152, 160, 
187, 193, 214, 234, 299, 353 
lanulosa 56 

Acnida tamariscina 262 
Aconitum columbianum 221 
Actaea rubra 210 
spicata arguta 219, 221 
Actinella acaulis 199 
floribunda 160 
Actinolepis lanosa 176 
Adelia phyllarioides 171 
Adenium 61 

Adenocaulum bicolor 214, 219, 221 
Adenostoma 160, 161, 177, 181, 183, 191, 192, 
301 

fascicnlatum 182, 191, 192 
sparsifolium 191 
Adolphia califoraica 191 
Adoxa moschatellina 226 
Agaricus tabularis 12 
Agave 61, 165, 167, 171, 300 
iechuguilla 291 
Agoseris aurantiaca 234, 236 
cuspidata 130 
grandifiora 152, 193 
heterophylla 152 
retrorsa 193 

Agropyrum 31, 39, 48, 50, 96, 98, 106, 107, 
115, 116, 119, 120, 121, 122, 123, 124, 
126, 135, 136, 137, 138, 140, 142, 149, 
150, 151, 152, 154, 156, 231, 256, 258, 
273, 275, 279, 281, 285, 298, 301, 308. 
309, 313 

caninum 187, 287 

glaucum 38, 39, 49, 107, 119, 122, 125, 132, 
137, 149, 150, 161, 155, 160, 259, 285, 
287 

scribneri 287 

spicatum 39, 49, 115, 119, 150, 151, 155, 156, 
160, 285, 287, 304 


Agrostis 230, 234 
alba 287 

hiemalis 14, 93, 287, 353, 361 
geminata 235 
humilis 235 
rossae 235 
AlchemiUa 60 
Aiisma 39, 87, 110 
Allenrolfea 12, 159 
Allionia incarnata 176 
linearis 302 
Allium 59, 61 
acuminatum 199 
cansdense 299 
eernuum 160, 210 
mutabile 130 
reticulatum 187, 234 
Aloe 61 

Alsine baicalensia 226 
Amarantus fimbriatus 262 
hybridus 262 
palmeri 176, 262 
powellii 262 
retroflexus 262 
torreyi 262 
wrightii 262 

Amarella scopulorum 361 
Ambrosia artemisifolia 94, 302 
Ameianchier 25, 178, ISO, 183, 184, 185, 186, 
191 

alnifolia 178, 182, 183, 185, 186, 188, 191, 
213, 290 

Ammophila 60, 110 
Amorpha 50, 105, 107 
canescens 39, 46, 120, 127, 130, 299, 363 
frutieosa 363 
nana 130, 299 

Axnsinckia intermedia 94, 176 
tessellata 176, 303 
Anaphalis margaritacea 15, 93, 219 
Andreaea 61 
Andromeda 45, 87 
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hallii 133, 134, 281, 285, 287 
nutans 123, 132, 133, 134, 287 
saccharoides 132, 133, 134, 144, 146, 287, 323 
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123, 132, 133, 134, 144, 202, 281, 285, 
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sorghum halepense 287 
Androsace chamaejasme 234 
occidentaiis 130, 302 
septentrionalis 210, 226, 234 
Anemone 45, 60, 129 
canadensis 130, 138, 190 
caroiiniana 51, 130 
cylindrica 130, 190 
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Anemone — continued. 
globosa 160 
hepatica 58 
narcissiflora 234 
nemorosa 60 
oregana 219 
patens 130, 160, 187 
quinquefolia 219, 221 
Aneura 61 
Angelica grayi 234 
Anogra albicaulis 94 
Antermaria alpina 234, 236 
argentea 214 

dioeca 51, 130, 148, 160, 234, 236, 299 
racemosa 219 

Anthistiria gigantea arundinacea 16, 17 
villosa 16 

Apocynum androsaemifolium 219 
Aquilcgia 45 
elirysantha 361 
coerulea 210, 226 
formosa 219 

Arabia drnmmondii 199, 226 
holboellii 1S7 
Araceae 60 

Aragalus deOexus 160, 226 
lamberti 120, 130, 187, 299, 317 
speciosus 160 
Aralia nudieaulis 190, 210 
Arbutus 212 
menziesii 205, 211, 216 
Arctostaphylus 178, 183, 185, 191, 192, 301 
bi color 191 
drapacea 213 
glauca 191, 192 
manzanita 191 
nevadensis 228 
patula 213 
pringlei 192 

pungens 178, 181, 182, 183, 185, 186, 190, 191 
tomeniosa 182, 183, 191 
uva-ursi 60, 210, 363 
Arenaria biflora 234, 236 
confusa 361 
fendleri 187 
hookeri 290 

Argemone platyceras 149, 302 
Aristida 19, 41, 48, 119, 120, 121, 126, 140, 144, 
145, 146, 148, 280, 286, 298, 299, 300 
amerieana 176 
arizonica 119, 145, 146, 147 
basiramea 287, 307 
bromoides 303 

California 119, 145, 146, 147, 287, 316 
divaricata 119, 145, 146, 147, 148, 177, 287, 
316 

micrantha 287 

purpurea 95, 106, 108, 115, 119, 121, 140, 
142, 144, 145, 146, 147, 148, 149, 160, 
307 

longiseta 287 

Arnica cordifoKa 15, 93, 152, 210, 221, 226, 
234, 236 

Artemisia 12, 31, 41, 60, 61, 95, 106, 153, 154, 
156, 157, 158, 159, 160, 243, 244, 286, 
299, 300, 301, 306, 316, 321, 323, 355 
arbuscula 157, 159, 301 
California 154, 156, 161, 192, 301 
cana 154, 157, 1 58, 301 


Artemisia — continued . 
canadensis 160, 299 
discolor 199 

dracunculoides 130, 299 
filifolia 140, 161, 170, 189, 301 
frigida 31, 94, 95, 110, 120, 128, 130, 134, 
140, 160, 187, 199, 299 
gxiaphalodes 128, 130, 149, 187, 190, 202, 
299 

heterophylla 193 
norvegica 228 
rigida 157, 290, 301 
scopulorum 234 
spinescens 157, 158, 301 
tridentata 84, 91, 96, 152, 153, 154, 156, 157, 
158, 160, 161, 257, 282, 290, 301 
trifida 154, 157, 159, 301 
Asarum caudatum 219, 221 
Ascleplas verticillata 299 
Asperula 14 
Aspidium 61 
rigidum 214 
Aster 129 
alpinus 234 
azureus 130 
bigelovii 160, 187, 199 
campestris 290 
canescens 302 
ericoides 149, 199 
fremontii 152 
levis 190 
levis geyeri 152 
multiflorus 128, 130, 299 
novae-angliae 130 
oblongifolius 130, 299 
paniculatus 130 
sericeus 128, 130, 299 
spinosus 176 
tanacetifolius 148, 302 
Asteraceae 152, 162 
Astragalus 50, 56, 106 
alpinus 234 
arrectus 152 
bigelovii 148 
bisulcatus 289, 299 
carolinianus 289 
collinus 152 

crassicarpus 50, 120, 130, 160, 299 
crotalariae 193 
drummondii 160 
flexuosus 160, 199 
leucopsis 193 
mollissimus 299 
nuttallianus 176 
racemosus 299 
spaldingii 152 
Ataenia gairdneri 290, 292 
Athyrium cyclosorum 221 
Atripiex 41, 84, 153, 154, 156, 159, 162, 165, 
166, 168, 169, 171, 172, 257, 281, 282 
bracteosa 176 

canescens 95, 153, 154, 156, 157, 158, 159, 
161, 164, 165, 168, 170, 171, 172, 174, 
290 

confertifoiia 84, 96, 153, 156, 157, 158, 159, 
257, 282, 290 
corrugata 97, 159, 282 
elegans 176 
expansa 262 
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Ati jplox — -CO nf inued, 
nuttallii 97, 159, 2S1, 290 
pabularis 2S2 

polycarpa 170, 171, 172, 174 
rosea 202 
semibaecata 290 
texana 170 
volutans 290 

Avena 156, 203, 279, 282, 283, 301, 304, 321 
fatua 279, 282, 287, 301, 303, 304, 321 
Azalia 61 
Azoreila 58, 60 
Baccharis 172 
wrightii 171, 300 
Bacteris 61 

Baeria gracilis 176, 303 
Bahia absinthifolia 176 
Baileya multiradiata 176 
Balsamorhiza 120 
deltoidea 160, 299 
sagittate 152, 160, 290, 292, 299 
Bambusa 61 

Baptisia leucophaea 130, 138, 299 
Bebbia juneea 171, 300 
Berberis 187 
aquifolium 219 
nervosa 219 
triioliata 189 
Besseya alpina 234 
plantaginea 210 
Betula 92, 110 
occidentalis 210 
papyrifera 92 
Bidens tenuisecta 187 
Blechnum spicant 219 
Boerhavia intermedia 303 
torreyana 283, 303 
viscosa oligadena 176 

Bouteloua 41, 47, 48, 98, 106, 107, 109, 115, 
116, 119, 120, 121, 123, 124, 126, 132, 
135, 136, 137, 138, 140, 141, 142, 144, 
145, 146, 148, 150, 154, 156, 163, 197, 
272, 273, 275, 279, 281, 282, 286, 298, 
300, 308, 313, 316, 317 
aristidoides 176, 287, 303 
bromoides 144, 145, 146, 147, 148, 287 
ciliatus 287 
curtipendula 323 

eriopoda 119, 142, 144, 145, 146, 147, 148, 
285, 287, 316 

gracilis 27, 35, 38, 45, 47, 48, 106, 107, 116, 
118, 119, 120, 121, 124, 125, 137, 138, 
140, 142, 143, 144, 145, 146, 147, 148, 
149, 155, 160, 258, 285, 287, 309, 316, 
323 

hirsuta 119, 140, 141, 143, 144, 145, 146, 147, 
148, 287, 823 
oligostachya 305, 323 
poiystaehya 176, 287, 303 
racemosa 45, 106, 119, 132, 133, 134, 138, 
141, 144, 145, 146, 147, 148, 202, 287, 
323 

rothrockii 119, 144, 145, 146, 147, 148, 177, 
285, 287, 316, 317, 323 
vestiia 323 

Bowlesia lobata 176, 303 
Brassica arvensis 290 
nigra 45. 94, 262 
Braunerla 121, 127 
pallida 46, 127, 130, 299 


Briekellia grandiflora 187 
Brodiaea capita;#. 193 
congesta 193 
grandiflora 193 
minor 193 
Bromelia 61 

Bromus 156, 203, 282, 283, 301, 304 
brizaeformis 25 
ciliatus 187 

hordeaceus 25, 287, 303, 304 
inermis 287 

marginatus 42, 287, 292 
m&ximus 94, 287, 304 
gnssoni 303 
polyanthus 361 
rubens 282, 289, 304 
tectorum 25, 160, 282, 287, 304, 321 
Bryum 353 
argenteum 15, 93 
Buchloe dactyloides 805 
Bulbilis 19, 48, 106, 107, 115, 116, 120, 121, 
125, 126, 135, 136, 137, 138, 140, 141, 
142, 143, 146, 149, 163* 258, 272, 273, 
275, 281, 283, 285, 306, 308, 309, 313 
dactyloides 107, 120, 121, 137, 140, 141, 144, 
287, 305, 326 
Bulbophyllum 61 
Butea frondosa 16 
Buteo b. calurus 56 
Cactaceae 60, 61 
Calamagrostis 230 
canadensis 287 
langsdorfii 235 
putpurascena 287 
vaseyi 235 

Calamovilfa 138, 256, 281 
longifolia 40, 115, 287 
Calamus 61 

Calandrinia menziesii 303 
Calliahdra eriophylla 148, 171, 300 
Callirrhoe alcaeoides 130 
involucrata 130 
Caliuna 14, 01 
vulgaris 14 

Calochortus gunnisomi 160, 187 
luteus 193 
splendens 193 
venustus 193 
Calvatia 12 
Calypso borealis 219 
Campanula parryi 160 
petiolata 361 
rotundifolia 160, 187 
alpina 234, 236 
uniflora 234 
Canotia holacantha 171 
Caxex 58, 60, 61, 96, 102, 106, 115, 135, 138, 
230, 232, 233, 234, 235, 273 
ablata 235 
alpina 232 
aquatilis 289 
aristata 289 

atrata 232, 233, 235, 289 
bella 233, 286 
breweri 235 
capillaris 232 
concolor 232 
douglasii 289 
engeimanni 232, 233 
festiva 232, 233, 235, 289 
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fill folia 107, 120, 121, 137, 138, 231, 232, 233, 
235 
geyeri 152 
illota 232, 235 
lanuginosa 289 
mareida 289 
nardina 232, 235 
nigricans 232, 233, 235 
nova 232, 233, 289 
obtusata 231 
Pennsylvania 130, 289 
pefcasata 232 
pbaeocephala 235 
pyrenaica 232, 235 
rossii 15 

rupestris 231, 232, 233, 289 
scirpoidea 235 
siccata 289 
spectabilis 235 

stenophylla 107, 120, 121, 137, 138 
straminea 289 
strieta 289 
tolmiei 232, 233 
utriculaia 289 
vernacula 235 
vulpinoidea 289 
Carduus 93, 95, 120 
foliosus 152 
gardneri 152 
hookerianus 228 
palousensis 152 
plattensis 160 

undulatus 120, 130, 149, 160, 299 
Carnegiea gigantea 41 
Cassia chamaeerista 302 
Castanopsis chrysophylla minor 213 
sempervirens 213 
Castilleia affinis 193 
culbertsonii 236 
foliolosa 193 
integra 1S7 
lutescens 152 

minlata 160, 187, 210, 226, 290, 292 
nevadensis 290 
oreopola 238 
pallida 236 

occidentalis 234 
parviflora 214 
sessiliflora 130, 299 
Casuarma 61 
Catastoma 12 

Ceanothus 106, 161, 163, 177, 178, 180, 183 
185,189,195 
cordulatus 213, 228 

cuneatus 178, 181, 182, 183, 185, 186, 191 
greggii 17S, 182, 190 
dentatus 191 
divaricatus 182, 191, 192 
Mrsutus 191 
integerrimus 213 
ovatus 189, 363 
parviflorus 213 
prostratus 213 
sorediatus 191 
veiutimis 45, 213 
verrucosus 191 
Cedrela toona 16 
Ceitis 90, 172, 189, 301, 363 
occidentalis 188 
pallida 90, 171, 172 


Cenchrus tribuloides 94, 287 
Centaurea cyanus 304 
melitensis 303, 304 
Cephalanthus occidentalis 189 
Cerastium arvense 234, 236 
longipedunculatum 361 
Cercis 189 
canadensis 189 

Cercocarpus 106, 177, 178, 180, 182, 1S3, 184 
185, 186, 188, 191, 195 
brevifiorus 361 

ledifolius 178, 182, 185, 186, 187, 191 
montanus 25 

parvifolius 45, 178, X82, 183, 184, 185, 186 
187,191,192 

Cereus 165, 166, 167, 172, 175, 197, 300 
giganteus 91, 171, 172, 291 
thurberi 171 
Cetraria 61 

Chaenactis douglasii 160, 214 
stevioides 176 
Chamaebatia foliolosa 213 
Chamaecyparis 227 
lawsoniana 217, 218 
nootkatensis 214, 217, 218, 223, 227 
Chamaedaphne 45 
Cbamaenerium 45 
angustifolium 14 
Cheilanthes fendleri 202 
Chenopodiaceae 152, 162 
Cbenopodium 61 
album 94, 262 
fremontii 176, 187, 199 
leptophyllum 199, 302 
Chilopsis 172 

Chimaphila umbellata 219, 221 
CMonophila jamesii 234 
Chloris elegans 176, 287, 303 
Chrysoma laricifolia 168, 171, 300 
Chrysopsis villosa 148, 199, 299 
Cbrysothamnus 12, 41, 157, 158 
nauseosus 153, 154, 157, 159, 161 
glabratus 159 
viscidifiorus 157, 158, 159 
Circaea 61 
pacifica 221 
Cirsium arvense 59 
Citellus t, parvus 56 
Cladonia 61 

Cladothrix lanuginosa 176, 303 
Claytonia asarifolia 221 
linearis 152 
megarhiza 234 
Cleome integrifolia 290 
Clintonia uniflora 219, 221 
Colaptes chrysoides 91 
Coieogyne 181, 182, 183, 186 
ramosissima 182, 185 
Coleus 86 

Collinsia parvifiora 152 
Collomia linearis 302 
Comandra umbellata 130, 160, 187, 202 
Commelina dianthifolia 361 
Condalia 165, 166, 169, 170 
lycioides 168, 171, 172, 174 
spathulata 171 
Convallaria majalis 58 
Convolvulus occidentalis 193, 221 
Corallorhiza 61 
muliiflora 214 

Cordylanthus wrightii 160, 199, 202 
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Coreopsis palmata 130 
tinetoria 94, 302 
Corethrogyne filagmifoiia 193 
Corispermum hyssopifolium 262 
Cornus ISO 
amomum 189, 210 
asperifolia 189 
canadensis 219 
mittallii 219 
stolonifera 182, 188 
Coryhis americana 188 
rostrata 189, 213 
Cowania 181, 182 
mexicana 181, 182, 183, 185, 186 
Crassulaceae 60 
Crataegus coccinea 188 
Crepis intermedia 214, 290, 292 
occidentalis 214 
Cressa 257 
truxillensis 84 
Crocus 60 

Crotolaria lupulina 202 
Croton corymbulosus 303 
texensis 302 

Cryptanthe angustifolia 176 
pterocarya 176 
Cupressus 205 
goveniana 211 
Cuscuta 61 

Cyanocitta s. frontalis 56 
Cyathea 61 
Cycas 61 

Cyclamen 59, 60, 61 
Cycloloma platyphyllum 94, 262 
Cyperaoeae 230 
Cyperus alternifolius 86 
Dactylis glomerata 287 
Dalbergia sissoo 16 
Dalea 166, 171 
emoryi 171 
laxiflora 130, 148, 299 
schottii 171 
scoparia 170 
spinosa 90, 171, 174 
Danthonia 230, 303 
californica 287 
intermedia 287 

Dasylirium 165, 167, 171, 286, 300, 328 
texanum 291 
wheeleri 291 

Daucus pusillus 176, 303 
Delphinium carolinianum 51 
dedbrum 214 
hesperium 193 
parryi 193 
penardi 109 
scaposum 176 
scopulorum 160, 187 
Dendromecum rigidum 191 
Deschampsia caespitosa 230, 232, 287 
Desmanthus jamesii 149 
Desmodium batocaule 202 . 

Dicentra formosa 219 
Dioseorea 61 
Dipodomys deserti 90 
Disporum majus 221 
smithii 219 
Dis.tichlis 12, 84, 257 
spicata 84, 170, 287 
Dodecatheon alpinus 236 
develandii 193 


Dondia 110, 172 
moquinii 84, 170 
suffruteseens 84 
Douglasia nivalis 234, 236 
Draba aurea 187, 226, 236 
breweri 234 

Carolinian a 130, 199, 302 
helleriana 361 
nivalis 234, 236 
streptocarpa 226, 234 
Dracaena 60 
Draperia systyla 214 
Dry as 61 

octopetala 234, 236 
Dugaldia hoopesii 25 
Dyssodia papposa 302 
Echinochloa crus-galli 2S7 
Eehinopanax horridum 219 
Eichhomia 61 
Elaeagnus 189 
argentea 181, 182, 1SS 
Elymus 110, 133, 134, 256, 281 
canadensis 132, 134, 287 
condensatus 151, 160, 287 
sitanion 115, 149, 150, 151, 160, 2S7 
triticoides 187, 287 
virginicus 190 
Elyna 230, 232 
bellardi 232, 233, 235 
Empetrum 58 
Encelia 165, 166 

farinosa 171, 172, 300 
frutescens 171 

Ephedra 61, 162, 164, 165, 166, 168, 170, 174, 
277 

nevadensis 171 
torreyana 168, 169, 170 
trifurca 171 
Epilobium 93 
alpinum 236 
anagaUidifolium 236 
hornemanmi 230 
paniculatum 187, 304 
spicatum 93, 219, 353 
Equisetum 28, 44, 59, 61, 87 
arvense 79, 130 
hiemale 130 
levigatum 130, 289 
Eragrostis 61 
cynosuroides 17 
major 287, 302 
neo-mexicana 176 
pectinacea 94 
pilosa 176, 287, 302, 303 
Eremiastrum beliidioides 176 
Eremocarpus setigerus 94, 304 
Erianihus ravennae 16 
Erigeron 50, 106, 129 
acris 93 
asper 187, 210 
breweri 214 

canadensis 27, 94, 187, 262, 302 

canus 160 

compositus 234 

corymbosus 152 

dlvergens 302 

elatior 226 

fiagellaris 109, 187 

glandulosus 187, 2X0 

leiomerus 234 

pumilus 160 
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Erigeron — continued, 
radicatus 234, 236 
ramosus 129, 130, 299, 302 
salsuginosus 226, 236 
umflorus 234, 236 
Brioeaulateae 60 
Enochloa punctata 176 
Erioeoma cuspidata 133, 149, 151, 160, 287 
Eriodietyum 355 
calif ornicum 191 
Eriogonum 106, 161, 355 
abertianum 148, 176, 303 
annuum 04, 120, 302 
eernuum 302 
compositum 193 
deflexum 176 

fasciculatum 154, 156, 160, 161, 192 
polifoliuin 161, 162 
jamesii 300 
marifolium 228 
mierothecum 299 
effusum 209 
nudum 193, 304 
polycladum 148, 303 
racemosum 160 
trichopodum 176 
umbeilatum 160, 199, 214 
ursinum 22S 
vimineum 304 
wrightii 148, 300 
Eriophyllum confertiflorum 193 
lanatum 152, 193 
Eritrichium argenteum 234 
Erodium 304 

cicutarium 290, 303, 304, 322 
moschatum 303, 304 
iexanum 303 
Eryngium vaseyi 304 
Erysimum asperum 187, 214, 228 
parviflorum 160, 199 
Brythronium grandiflorum 152, 236 
Bschseholtzia californica 94, 193 
mexicana 148, 176, 302, 303 
Eupatorium altissimum 130 
Euphorbia 95 
albomarginata 176 
capitellata 176 
corollata 130, 299 
geyeri 94 

marginata 94, 302 
montana 187 
preslii 176 

Eurotia 154, 158, 159 
lanata 153, 157, 290 
Evax caulescens 176 
Evolvulus argenteus 139, 149 
Fagales 178 

Falhigia 181, 182, 183, 185 
paradoxa 182, 185, 186 
Fendlera 181, 183, 185, 186 
rupicola 182, 185 

Festuca 150, 151, 152, 230, 231, 277, 303 
brachyphylla 232, 233 
confuaa 25 
megalura 25, 287 
mierostachys 25 
myurus 303, 304 
octoflora 176, 28 7, 302, 303 
ovina 150, 155, 160, 226, 287 
supina 235 
scabrella 287 


Flourensia 146, 162, 163, 105, 166, 167, 168 
169, 170, 300 
cernua 168 
Fontinalis 61 

Fouquiera 165, 166, 167, 169, 172, 173, 175 
splendens 164, 168, 171, 172 
Fragaria 58, 60 
vesca 190, 210, 219, 221, 226 
virginiana 130, 190, 214 
Frankenia 257 
grandifolia campestris 84 
Franseria 162, 165, 166, 167, 171, 173, 283, 300 
deltoidea 171, 172, 175, 300 
discolor 262, 290 
dumosa 171, 175, 300 
tenuifolia 176, 262 
Fraxinus 172, 174 
laneeolata 42 
viridis 181, 182, 188 
Fritillaria pudica 152 
Frullania 61 
Funaria 353 
hygrometrica 15, 93 
Gaillardia aristata 148, 152 
Galium 61 
andrewsii 193 
aparine 59, 190 

boreale 152, 160, 187, 190, 210 
scias 56 
triflorum 210 
Garrya 181 

Gaultheria shallon 219 
Gaura coccinea 160 
suffulta 202 
Gentiana affinis 210 
amarella 226, 234, 236 
bigelovii 361 
calycosa 236 
frigida 226, 234 
newberryi 236 
oregana 152 
Georgia 61 
Geranium 86 

caespitosum 160, 187, 210 
richardsonii 210, 361 
viscosissimum 152 
Geum 60 

Gilia aggregata 120, 187, 199 
filifolia 176 
gracilis 303 

Glycyrhiza lepidota 39, 120, 130, 299 
Gnaphalium bicolor 193 
decurrens 193 
Gnetaeeae 162 
Goodyera 109 
Grayia 158, 159, 282 
spinosa 157 
Grindelia 94, 95, 140 

squarrosa 25, 130, 134, 149, 160, 199, 299 
Gutierrezia 31, 94, 98, 110, 140, 154, 157, 158, 
159, 162, 164, 165, 166, 168, 169, 243, 
244, 280, 298, 299, 300, 320 
microcepbala 176 

sarothrae 25, 95, 108, 130, 134, 149, 153, 157, 
168, 171, 193, X99, 299 
Gymnolomia multiflora 187, 199, 202 
Haplopappus gracilis 148, 202, 303 
linearifolius 193 
macronema 228 

parryi 210 
pygmaeus 234 
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Haplopappus---teon2inued f « 

spimilosus 299 
suffruticosus 22S 
Harpagonella palmeri 176 
Hedeoma drummondii 187, 199 
hispida 302 

Hedysarum philoscia 289 
Heleocharis 39, 87, 110 
acuminata 289 
obtusa 289 
palustris 289 

Heleodytes brunneicapillus 91 
Helianthella douglasii 152 
uniflora 290 
Helianthus 28, 94, 282 
annuus 42, 45, 79, 94, 176, 262, 302 
grosse-serratus 130 
maximiliani 1.30 
petiolaris 94, 176, 262, 302 
rigidus 120, 130, 299 
Heliopsis scabra 130, 190 
Hemizonia clevelandii 304 
fitchii 304 
Hepatica 60 
Heradeum lanatum 210 
Heteromeles arbutifolia 191 
Heteropogon 286 
contortus 288, 323 
Hetero theca subaxillaris 176 
Heterothrix longifolia 361 
Heuchera 109 

parvifolia 160, 187, 210 
Hieracium 58 
albiflorum 214 
gracile detonsum 228 
scouleri 152 

Hilana 19, 141, 146, 147, 148, 154, 162, 163, 
166, 283, 306, 323 

cenehroides 142, 144, 145, 146, 147, 148, 288, 
326 

jamesii 140, 143, 144, 156, 160, 282, 288 
mutica 142, 146, 283, 288 
rigida 144, 162, 171, 175, 300 
Hippuris 59, 60 

Hoffmannseggia drepanocarpa 176 
Jamesii 176 
stricta 149, 176 
Holacantha emoryi 171 
Holodiscus 181, 186, 187, 191 
discolor 178, 182, 185, 191, 213 
Hoorebekia racemosa 152 
Hordeum Jubatum 108, 288, 302 
maritimum 288 

gussoneanum 303, 304 
murinum 288, 303, 304 
nodosum 288 
Horkelia gordonii 236 
Hosackia americana 130 
decumbens nevadensis 214 
glabra 193 

Houstonia angustifolia 130 
Hydrophyllum occidentals 214 
Hymenoclea 171, 172 
salsola 171, 300 

Hymenopappus filifolius 148, 199 
mexicanus 202 
radiatus 361 
tenuifolius 299 
Hymenothrix wrightii 202 
Hypericum concinnum 193 
Hypnum 61 


| Hypoehaeris glabra 303, 301 
1 radicata 304 
Hypoxis hirsuta 130 
ImparJens 14, 86 
Imperata arundinacea 17 
Ipomoea 61 
lcptophylla 140 
Iris 61 

hartwegii 214 

Ischaemum angustifolium 17 
Isocoma 98, 162, 164, 166, 168, 169, 175, 300, 
320 

coronopifoiia 171, 172, 300 
hartwegii 149, 168, 171 
veneta 171 
Isoetes 61 

Iva axillaris 262, 290 
xanthifolia 94, 262 
Jamesia americana 210 
Juglans 172 
Juncaceae 230 
Juncodes 230, 232 
divaricatum 235 
parviflorum 289 
spicatum 232, 233, 235, 2S9 
Juncus 61, 87, 102, 230, 233 
balticus 289 
castaneus 232 
mertensianus 289 
nodosus 289 
parryi 235, 2S9 
tenuis 289 
trigiuinis 232 
Jungermannia 61 

Juniperus 193, 194, 195, 196, 197, 198, 200, 201, 
346 

calif ornica 195, 197, 200, 202, 203, 204 
utahensis 196, 198, 203 
communis 228 
_ flaccida 196, 200 
’ occidentalis 195, 196, 203, 204 

monosperma 196, 198, 199, 200, 201 
pachyphloea 196, 197, 200, 201 
sabinoides 196, 200, 201 
utahensis 196, 198, 199, 204 
virginiana 196 

scopulorum 196, 198, 199, 200 
Kallstroemia brachystylis 176, 303 
grandiflora 176, 303 
hirsutissima 303 
parviflora 303 
Kalmia 87 

Kelloggia galioides 214 
Kobresia 230 
bipartita 235 
Kochia 159 
vestita 84, 257 

Koeberlinia 162, 166, 169, 174 
spinosa 168, 171, 172 

Koeleria 47, 48, 106, 109, 115, 119, 121, 122, 
123, 124, 125, 127, 131, 132, 134, 135, 
137, 138, 150, 151, 281, 286 
cristata 38, 107, 119, 122, 132, 134, 137, 149, 
150, 160, 288 
Koenigia 61 

Krameria 164, 166, 168, 169 
glandulosa 168, 171, 175, 300 
secundiflora 148 
Krynitzkia virgata 160 
Kuhnia glutinosa 130, 187, 299 
rosmarinifolia 149 
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Kunzia tridentata 292 
Labiatae 58 

Lactuca ludoviciana 290 
pulchelh 187 

Lagophylla ramosissima 304 
Lamarekia aurea 288, 304 
Lamianeae 152 
Lappula redowskii 176 
texana 187, 302, 303 

Larix 216, 219, 220, 221, 223, 228, 2S3, 353 
Iyallii 223, 224, 225, 227, 228 
occidental^ 93, 215, 216, 219, 220, 221 
Larrea 41, 90, 97, 145, 146, 157, 160, 161, 162, 
163, 165, 166, 187, 168, 169, 170, 171, 
172, 173, 174, 175, 177, 300 
mexieana 164, 168, 171, 172 
Lathyrns eoriaceus 289, 292 
polyphyllus 219 
splendena 193 
sulphureus 214 
vestitus 193 
Lecanora 81 
Ledum 45, 87 
Leguminosae 162 
Lemna 61 

Lepaehys columnaris 120, 130, 148, 190, 299 
Lepidium 304 
alyssoides 302 
intermedium 302 
lasiocarpum 176, 302, 303 
perfoliatum 160, 304 
ramosum 302 
thurberi 176 
Lepiota 12 

Leptochloa dubia 323 
viscida 176 

Leptotaenia multifida 152, 290, 292 
Lepua c. meianotis 56 
Lespedeza capitata 130 
Lesquerella argentea 199 
fendleri 149 
gordoni 176, 302, 303 
Leucobryum 61 
Liatria 129 

punctata 128, 129, 130, 149, 299 
pycnostachya 128, 129, 130, 299 
scariosa 128, 129, 130, 299 
spicata 299 
Lihocedrus 212, 213 
decurrens 70, 211, 212, 213 
Ligusticum porteri 226 
Liliaceae 60, 162 
Liiium 59 
parviflorum 219 
Limnorohis stricta 210 
Linaria 58 
Linnaea 58, 60, 81 
borealis 219, 226 
longifiora 221 
Linum perenne 160 
rigidum 148 
sulcatum 130 
Lippia wrigbtii 171 
Lithospermum canescens 130 
Mrtum 130, 190 
Imearifoiium 130, 148 
multidorum 187 
ruderale 304 
Lloydia serotina 234 
Lobelia 61 


Lomatium foenleulaceum 130 
tomentosum 193 
Lonicera conjugialis 228 
involucrata 226 
utahensis 221 
Loranthus 61 

Lotus americanus 289, 302 
humistratus 176, 303 
mollis 149 
strigosus 304 
Lupinus affinis 304 
albus 27 

argenteus 160, 289 
fonnosus 193 
grayi 214 
holosericeus 289 
lepidus 219 
leptophyllus 176 
leucophyllus 152, 289 
Iyallii 236, 289 
micranthus 304 
ornatus 152, 214 
plattensis 289, 299 
pusillus 187, 302 
rivularis 219, 289 
seilulus 292 
sericeus 152 
sparsiflorus 303 
subalpinus 236 
truncatus 304 
volcanicus 236 
wyethii 152 
Lycium 171 
Lycoperdon 12 
Lycopodium clavatum 60 
Lygodesmia juncea 299 
Machaeranthera parvifolia 176 
tanacetifolia 176 
Madia 25 
I dissitiflora 304 
exigua 304 

Malacothrix fendleri 148, 303 
glabrata 176 
soncboides 176, 303 

Malvastrum coccineum 148, 160, 199, 299 
exile 176 
Marasmius 12 
Marehantia 61, 353 
polymorpha 93 
Marsilea 61 
Medicago 58 
denticulata 303, 304 
lupulina 304 
sativa 290 
Megachile 91 
Melica 303 
Melilotus 282 
alba 45, 262, 290 
indica 304 
officinalis 290 
Mentzelia albicaulis 176 
Menyanthes 60 
Menziesxa ferruginea 219, 221 
Meriolix serrulata 51, 148 
Mertensia alpina 234 
lanceolata 187 
polyphylla 226 
pratensis 210 
Mesembryanthemum 61 
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Microrhamnus 166 
ericoides 168 

Microseris linearifolia 176 
nutans 214 

Mimosa biuncifera 171 
Mimosaceae 162 
Mimulus langsdorfii 361, 362 
primuloides 236 
Mirabilis oxybaphoides 187 
Mitella pentandra 226 
, trifida 219, 221, 226 
Mnium 361, 362 
Monarda citriodora 202 
fistulosa 130, 187, 190, 299 
Monardella odoratlssima 214 
Moneses 59 
uniflora 219 

Monolepis nuttailiana 176 
Monotropa 61 
Monstera 61 

Muhlenbergia 110, 141, 143, 146, 148, 281, 282 
affinis 202 
gracilis 288 

gracillima 140, 146, 288 
porter! 145, 146, 147, 148, 177, 288 
wrightii 361 

Munroa squarrosa 288, 302 
Musa 61 

Myosotis alpestris 234 
Myosurus minimus 302 
Myrmecodia 61 
Myrtillus 14 
nigra 14 

Nabalus asper 130 
Navarretia leucophaea 304 
Nelumbo 61 
Neotoma 91 
Nepeta cataria 187 
Nipa 61 

Nolina 286, 300, 328 
erumpens 291 
microcarpa 291 
Nymphaea 59, 61, 110 
polysepala 68 
Nymphaeaccae 55 
Oenothera primaveris 303 
rhombipetala 94 
Olneya 171, 174 
tesota 171, 172 
Ophrydeae 60 

Opulaster 180, 181, 185, 187, 221 
opulifolius 182, 185, 186, 210 
Opuntia»l, 95, 162, 165, 167, 175, 298, 300, 317 
arborescens 168, 300 
arbuscula 171, 300 

basilaris 193 1 

bigelovii 300 
chlorotica 168, 171, 300 
discata 171, 175, 300 
engelmannii 171, 193, 291, 300 
fulgida 167, 171, 172, 174, 291, 300 
mamillata 171, 174, 300 
lindheimeri 291 
mesacantha 160, 199, 300, 320 
phaeacantha 168 , 171, 300 
polyacantha 120, 160, 300, 320 
robusta 291 

spinosior 167, 171, 172, 174, 291, 300 
versicolor 167, 171, 172, 300 
Orchis, 59 61 


Oreoseoptes montaaus 1)1 
Oreoxis alpina 234 
humilis 234 

Orthocarpus luteus 302 
pilosus 228 
purpurascens 176, 304 
purpureus albus 160 
Oxalis 14, 61 
aeetosella 14 
corniculata 193 
oregana 219 
pumila 219 
stricta 130, 190 
Pachylophus caespitosus 187 
Pabhystigma 1S7 
myrsinites 219, 221, 226 
Paeonia brownii 193 
Panicum 133, 134, 281 
capillare 94, 288 
hirticaulum 176 
lachnanthum 288 
scoparium 133, 134 
texanum 322 

virgatum 132, 133, 134, 288 
Pappophorum wrightii 176 
Parkinsonia 162, 165, 166, 167, 171, 172, 173, 
175, 197, 300 
aculeata 171 

microphylla 171, 172, 175 
torreyana 171, 172, 173, 174 
Parnassia fimbriata 226 
Parthenium 162, 166, 169 
incanum 168, 171 
Pasania densiflora echinoides 213 
Pectis angustifoiia 302, 303 
papposa 176 
prostrata 176, ,303 
Pectocarya 176 
linearis 302 
peniciilata 176 
Pedicularis centranthera 199 
flammea 234 
lanata 234 
oederi. 234 
parryi 234 
racemosa 226 
scopulorum 234 
semibarbata 214 
wrightiana 202 
Pentstemon 110 
aaureus 193 
barbatus 187, 199 
bridges!! 214 
coeruleus 187, 199 
conferfcus 152, 160, 236 
deustus 214 
glaucus 226, 234 
gracilentus 214 
gracilis 130, 210 
grandiflorus 130 
hallii 234 
hcterophyllus 193 
labrosus 214 
linarioides 199 
procerus 290 
secundiflorus 187, 210 
strictus 160, 187 
unilateral!?; 160, 187 
virgatus 361 
wrightii 176 
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Peramium ophioides 210 
Peraphyllum 180, 1S1, 183, 1S5, 186, 187 
ramosidsmium 182, 185 
Pelalostemon 50, 95, 106, 107, 128, 281 
candidus 39, 120, 127, 128, 129, 130, 148, 299 
purpureus 39, 120, 127, 128, 130, 148, 299 
Petasites 58 
Peucedanum 61 
Phaeelia alpma 234 
crenulata 176, 303 
distans 176, 303 
heterophylla 302, 304 
hydrophylloides 228 
Ivallii 234 

ramosissima 193, 214 
serieea 234, 236 
Phalaris caroliniana 176 
Phaseolus 28, S6 
vulgaris 27, 79 

Philadelphia 181, 185, 186, 187, 191 
gordomanus 178, 182, 185 
Philibertella hartwegii heterophylla 176 
Philotria 86 
Phippsia 230 
Phleum alpimun 288 
pratense 288 

Phlox condensata 234, 236 
piloaa 130, 138 
speciosa 152 

Phragmites 39, 50, 60, 101, 102 
communis 110, 288 
Physalis angulata linkiana 176 
lobata 302 

Physaria didymocarpa 199 
Picea 205, 215, 217, 218, 222, 223, 224, 225, 226, 
228 

breweriana 211 

engelmaimi 46, 80, 209, 215, 216, 219, 220, 
221, 222, 223, 224, 225, 227, 228, 348 
mariana 216 
pungens 208, 209, 210 
sitchensis 214, 216, 217, 218, 219 
Firms 193, 194, 195, 196, 197, 198, 201, 202, 
205, 207, 211, 216, 219, 220, 221 
aristata 222, 224, 225, 226 
balfouriana 224, 227, 228 
arizonica 205, 208, 209 
attenuata 93, 211, 212, 213, 283, 353, 354 
cembroides 196, 200, 203, 204 
chihuahuana 205, 208 

contorta 93, 205, 207, 208, 209, 210, 215, 216, 
219, 220, 221, 222, 223, 225, 227, 228, 
283, 353 
coulteri 211, 213 
divarieata 93, 216 
eduiis 195, 196, 198, 199, 200, 201 
monophyiia 196, 197, 198, 200, 202, 203, 
204 ' ' " 

quadri, folia 196, 200, 203, 204 
flexilis 205, 207, 208, 210, 222, 224, 225, 226 
227, 228 ’ S 



albieauhs 205, 207, 208, 224, 225, 227, 228 
lambertiana 211, 212, 213 
monticola 215, 216, 219, 220, 221, 223, 227 
228 * 
ponderosa 17, 25, 45, 184, 197, 204 205 207 
208, 209, 210, 211, 212, 213, 215,' 216* 

, 219, 220, 221, 346, 348, 350, 351 * 

Jeffrey! 211, 212, 213, 223 
sabiniana 196, 202, 203, 204 


Prims — continued. 
seopuiorum 205 
strobiformis 208 
Pirola 109 
chlorantha 210 
minor 226 
pieta 214, 219, 221 
secunda 210 
uliginosa 210 
Pirus diversifolia 219 
sitchensis 221 
Pistia 61 

Pisum arvense 42 
Plagiobothrys arizonicus 176, 303 
Plantago 60, 324 
elata 14S 

fastigiata 176, 302, 303 
ignota 176 
major 58 

patagonica 283, 302, 304 
Poa 61, 151, 230, 232, 282, 283, 303 
alpicola 232 
alpina 232, 235 
arctica 232, 235, 288 
arida 288 
compressa 288 
crocata 232 
cusickii 235 
epilis 232 
grayana 232 
lettermani 232, 233 
nemoralis 288 
nevadensis 288 
paddensis 235 
pattersoni 232 

pratensis 133, 134, 190, 226, 282, 288 
rupicola 232, 235, 288, 361 
sandbergii 288, 292 
saxatilis 235 
suksdorfii 235 
tenuifolia 150, 288 
Poaceae 162, 230 
Podostemaceae 61 
Polemonium confertum 234 
pulchellum 226, 234 
viscosum 234 
Polygala alba 202, 299 
caiifornica 193 
Polygonaceae 152 
Polygonatum 59, 60 
Polygonum 25 
avieulare 283, 290, 302 
bistorta 234 
convolvulus 187 
davisiae 228 
dougiasii 187 
ereetum 290 
pennsylvamcum 94 
ramosissimum 290, 302 
viviparum 234, 236 

Polypogon monspeliensis 176, 288, 304 
Polytrichum 61 

Polystiehum munitum 214, 219 
Popuius 92, 110, 172 

trexauloides 25, 92, 110, 205, 209, 223, 225, 
361 

Portulaca oleracea 283, 303, 361 
Potamogeton 27, 59, 61, 110 
Potentilla anserina 60 
arguta 160, 187, 190, 
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Fotentilla — continued, 
atrorubens 361 
blaachkeana 152 
breweri 228 
convallaria 152 
crinita 361 
fiabellifolia 236 
fruticosa 228 
glandulosa 210 
gracilis 160, 187 
hippiana 160 
nivea 234 
pennsylvanica 160 
saximontana 234 
Primula 58, 60 
angustifolia 234 
parryi 234 
Pronuba 91 

Prosopis 41, 90, 95, 97, 145, 157, 162, 163, 165 
166, 167, 168, 169, 170, 171, 172, 173,’ 
174, 175, 197, 300, 301 
julifiora 164, 16S, 171, 172, 277 
pubescens 171 
Prunella vulgaris 361 

Pnmus 106, 17S, 179, 180, 183, 184, 185, 186 
187, 363 

americana 181, 182, 188 
bessoyi 188, 363 

demissa 178, 182, 183, 184, 185, 186, 188. 

191,213,290 
emarginata 213, 219 
ilicifolia 191 


pennsylvanica 210 
serotina 42 

Pseudocymopterus montanus 210, 226,234 
Pseudotsuga 42, 46, 186, 205, 206, 207 208 
209, 210, 211, 213, 216, 217, 218 219* 
220, 221, 283, 350, 353, 354 
mucronata 45, 93, 197, 204, 207, 208 *>11 
212, 213, 215, 217, 218, 219, 220, 221* 
macrocarpa 211, 212, 213 
taxifolia 346 

Psilostrophe cooperi 148, 168, 171, 175, 300 
Psoralea 50, 95, 105, 106, 107, 128, 129, 281 
argophylla 39, 108, 126, 127, 128, 130, 299 
lanceolata 262 

tenuiflora 39, 46, 108, 120, 126, 127, 128 129 
130, 140, 148, 299 

Pteris aquilina 93, 202, 214, 219, 353 
Pterocarya linearis 303 
Ptilonella seabra 304 
Pulsatilla 61 
occidentalis 236 

Purshia 180, 181, 185, 186, 187, 191, 195 
tridentata 107, 182, 185, 186, 290 
Py cnanthemum ianceolatum 130 
Pyronema confluens 93 
Quercus 106, 163, 177, 178, 180, 182, 183, 184, 
185, 186, 188, 194, 195, 196, 197, 198, 
200, 202, 274, 301 
breviloba 189, 301 
breweri 213 

' californica 204, 205, 211, 212, 216 
chrysolepis vaccinifolia 213 
douglasii 196, 200, 20 2, 203 
dumosa 181, 182, 183, 190, 191, 192 
emorvi 196, 200, 201, 203 
garryana 182, 204, 211, 212 
grisea 361 

bypoleuca 200, 201, 203 


Quercus — conti nued. 
macrocarpa 181, 182, 188 
reticulata 196, 200, 201 
arizonica 196, 200, 201 
oblongifolia 196, 200, 201 
sadieriana 213 

unduiata 178, ISO, 182, 183, 184, 185, 186. 

188, 189, 301 ' " 

gambelii 25, 184, 186 
virens 182, 188, 189, 301 
wisiizenii 196, 203, 204 
Ranunculus 68 
adoneus 234 
alismifolius 228 
eschscholtzii 234, 236 
f. replans 56 
glaberrimus 152 
byperboreus 234 
macauleyi 234 
nivalis 234 
occidentalis 219 
oreganus 219 
ovalis 130 
pygmaeus 234 
raphanistrum 304 
sceleratus 08 , 86 
Raphamis sativua 94 
Raoulia 58, 61 
Redfieldia 110, 281 
Rhamnaceae 162 
Rhamnus californica 191, 213 
crocea 191 
purshiana 213 

I Rhododendrum ellipticum 219 
Rhus 41, 106, 166, 178, 180, 183, 184, 185, ISO, 
187, 189, 195 ’ * ' 

diversiloba 191, 213 
glabra 181, 182, 188 
integrifolia 191 
lamina 191 
ovata 191 

radicans 187, 189, 202 
trilobata 45, 178, 182, 1S3, 185, 186, 188 
mollis 202 

Ribes 25, 41, 180, 187 
aureum 182, 188 
bracteosum 219 
cereum 182, 1S5, ISO, 188, 290 
lacustre 210, 219, 221, 226 
laxiflorum 219 
montigenum 228 
nevadense 213 
sanguineum 219 
viscosissimum 221, 228 
Robinia 181 

neomexieana 182, 185, 186 
Rosa 41, 178, 179, 180, 189 
acicularis 182, 185, 186, 187, 210 
arkansana 42, 130, 181, 182, 188, 299 
fendleri 361 
pisocarpa 221, 290 
Rosales 178 
Rubus 40 
idaeus 60 

parviflorus 213, 219, 221 
spectabilis 219 
strigosus 15, 45, 46 
Rudbeckia hirta 130 
occidentalis 25 
Rumex hymenosepalus 170 
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Ruscus 61 
Rata 01 

Rydbergia grandiflora 234 
Sabai 61 

Saccharum munja 10, 17 
narenga 18, 17 
sponlaneum 17 

Sagittaria 27, 39, 59, 61, 87, 110 
Salazaria mexicana 161, 171 
Salicorxua 12, 84, 257 
Salix 25, 88, 290, 363 
arctiea 234, 238 
humilis 189, 363 
nivalis 234, 238 
nuttallii 228 
reticulata 234, 236 
ascouleriana 219 
Sal sola 94, 262, 282 
kali 262, 302 

Salvia 60, 153, 156, 180, 161, 355 
apiana 160, 162 
azurea 130, 299 
carnosa 161 
coiumbariae 176, 303 
lanceolata 187, 302 
leucophylla 161 
mellifera 154, 161, 192 
Sambucus callicarpa 219 
canadensis 189 
melanocarpa 221 
Sanicula bipinnata 193 
bipinnatifida 193 
xnarilandiea 190 
Sapindus 172, 174 
Saponaria 58 

Sarcobatus 84, 158, 159, 257, 282 
vermiculatus 84, 158, 163 
Barcodes sanguinea 214 
Saxifraga 58 
bronchialis 210, 234 
chrysantha 234 
fiagellaris 234 
nivalis 234 
Scapania 61 

Schedonnardus texanus 288, 302 
Scirpus 39, 49, 50, 59, 61, 87, 102, 110 
atrovirens 289 
fluviatilis 289 
lacustris 44, 110, 289 
pungens 289 

Scieropogon 146, 147, 283 
brevifoiius 146, 283, 288 
Scrophularia californica 193 
Scutellaria resinosa 187 
Sedum 58 
rhodiola 58 
roseum 234, 236 
stenopetalum 236 
Sclaginella rupestris 231, 234 
Sempervivum 61 
Senecio 93 
aureus 130, 187, 299 
borealis 236 
cernuus 210 
douglasii 193, 299 
eremophilus 25 
fendleri 160, 187, 199 
lugens 214 
serrn 290 
triangularis 290 
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Sequoia 215, 217 
gigantea 211, 212 
sempervirens 214, 217, 218 
Setaria composita 176 
glauca 288 
italica 288 
viridis 288 
Skepherdia 178 
argentea 182, 188 
canadensis 226 
Shorea robusta 16 

Sibbaldia procumbens 228, 234, 236 
Sida lepidota sagittifolia 176 
Sidalcea malviflora 193 
oregana 152 

Sie% r ersia ciliata 130, 160 
turbinata 234, 236 
Silene acaulis 60, 61, 234, 236 
californica 214 
inflata 60 
laciniata 361 
lemmonii 214 
Silphium integrifolium 130 
iaciniatum 30, 130 

Simmondsia californica 171, 172, 191 
Sisymbrium 304 
altissimum 94, 160, 304 
incisum 187, 199 
Sisyrinehium angustifolium 130 
bellum 193 
grandiflorum 152 
Smelowskia calycina 234 
Smilacina amplexicaulis 219, 221 
stellata 187, 190, 210 
Smilax 61 

Solanum elaeagnifolium 176, 303 
rostratum 302 
triflorum 302 

SoUdago 93, 95, 105, 106, 120, 129, 286 
I californica 193 

canadensis 130, 190, 299 
humilis 226 
nana 234 

missouriensis 128, 130, 152, 187, 299 

mollis 299 

multiradiata 236 

nemoralis 130 

neomexicana 361 

oreophila 210 

rigida 120, 128, 130, 190, 299 
serotina 130, 152 
speciosa 130, 187, 202, 299 
Sophia incisa 25, 176 
pinnata 176, 302, 303 
Sparganium 87 
angustifolium 68 
Spartina 133, 134, 256, 281 
cynosuroides 132, 134, 288 
gracilis 288 
Spartium 61 

Sphaeralcea cuspidata 176 
Sphagnum 61 
Spiraea menziesii 219 
Spirogyra 86 

Spirostachys 84, 110, 257 
oecidentalis 84, 170 
Sporobolus 12, 84 
airoides 84, 119, 170, 257, 282, 288 
asperifolius 288 
auriculatus 283, 288 
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SporoboluS ' — cmiti n ued, 
brevif dins 2S8 
confusus 202 
cryptandrus 147, 288 
flexuosus 146, 147, 288 
wrightii 28S 
Stanleys, pinnata 160 
Stapelia 60 

Steironema ciliatum 180 
Stereospermum suaveolens 16 
Stipa 46, 47, 48, 50, 96, 106, 107, 109, 115. 116, 
119, 120, 121, 122, 123, 125, 127, 13 1, 
132, 134, 135, 136, 137, 13S, 140, 141, 
149, 150, 152, 156, 160, 161, 193, 203, 
273, 275, 279, 281, 285, 286, 298, 301, 
303, 309, 313, 323 

comata 38, 39, 45, 48, 49, 107, 119, 121, 122, 

123, 124, 136, 137, 138, 149, 150, 151, 
155, 160, 187, 285, 288, 308 

eminens 115, 119, 150, 151, 28S 
pennata neomexicana 136 
setigera 115, 119, 150, 151, 288 
spartea 38, 39, 49, 107, 119, 121, 122, 123, 

124, 126, 132, 134, 259, 285, 2S8, 308 
speciosa 151 

vaseyi 288 

viridula 119, 137, 138, 149, 160, 288 
Streptanthns arizonicus 176 
Streptopus amplexifolius 210 
majus 221 
roseus 219 
Suaeda 257 
moquinii 159 
Swertia perennis 234 

Symphoricarpus41, 178, ISO, 183, 185, 189, 221 
albus 178, 182, 183, 185, 186 
mollis 213 

occidentalis 181, 182, 187, 188, 363 
oreophilus 25, 213 
Synthyris rubra 152 
Taraxacum 58, 60 
Tellima grandiflora 219 
Terminalia 16 
Tetradymia 158 
spinosa 157, 159 
Teucrium canadense 130, 190 
cubense 176 
occidentale 130 
Thalictrum alpinum 234, 236 
fendleri 107, 187, 210, 226 
occidentale 221 
purpurascens 130 
wrightii 361 

Thelesperma gracile 148, 187 
Thelypodium lasiophylium 176, 303 
Thermopsis divaricarpa 289 
montana 187 
Thlaspi arvense 59 

Thuja 214, 215* 216, 217, 218, 219, 220, 221 
plicata 214, 215, 217, 218, 219, 220, 221 
Thymus 60 

Thysanocarpus curvipes 303 
Tiarella trifoliata 219 
unifoliata 221 
Tilia americana 188 
Tradescantia virginiana 130, 187, 299 
Trianthema portuiacastrum 176 
Tribulus terrestris 303 


Triehosfema ! ana turn 101 
lanceoiatum 304 
Trientaiis latifoiia 219 
Trifolium amplcctens 801 
breweri 214 
dasyphyilum 234, 2S9 
graeilentum 304 
hybridum 290 
incarnatum 290 
microcephalum 301 
monanthum 236, 289 
nanurn 234 
parryi 234, 289 
pratense 58, 290 
repens 58, 290 
tridentatum 304 
Trigiochin maritima 290 
Trillium ovatum 219, 221 
Triodia rnutica 176 
pulchella 176 
Trisetum 230, 232 
subspicatum 232, 235, 288 
Triticum 258 
durum 42 

Trixis caiifornica 171 
Trollius laxus 234, 236 

Tsuga 214, 215, 216, 217, 218, 219, 220, 221, 
223, 227, 228 

heterophylia 214, 215, 216, 217, 218, 219, 

220 , 221 

mertensiana 223, 224, 227, 228 
Turn boa 61 

Typha 39, 42, 49, 50, 59, 102, 110 
angusti folia 110 
latifolia 110 

Ulmus americana 42, 188 
Umbilicaria 61 
Urfcica 58 
gracilis 190 
Usnea 61 
Utricularia 61 
Yaccinium 45, 87 
caespitosum 226, 228 
macrophyllum 219, 221 
myrtiilus 60, 226 
occidentale 228 
oreophiluin 14 
ovatum 219 
parvifoiium 219 
Valeriana silvatica 210 
sitchensis 236 
Yancouveria hexandra 219 
Yerbascum 61 
Verbena 58, 95, 286 
bracteosa 302 
ciliata 170 
hastata 130, 299 
prostrata 193 
atricta 130, 193, 299 
Yerbesina encelioidea 148, 176, 302 
Yernonia 95, 129 
baldwinii 130, 149, 299 
fasciculata 130, 299 
Veronica aipina 236 
peregrina 176 
virginica 130 
Vetiveria zizanoides 17 
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Viburnum clliptieura 219 
pnucifloruin 210 
Vieiu amerieana 130, 1S7, 190 
linearis 289 
Viola 129 
adimea 152 
biflora 210 
bland a 210 
cumillata 130, 190 
glabella 221 
howellii 219 
lobata 214 
neomexieana 361 
orbiculata 221 
pedal a 130 
pedatifida 130 
peduneulaui 193 
semper virens 219 
Washingtonia divaricata 219, 221 
mid a 214 
obtusa 210 

Whitneya dealbata 228 
Wisiizenia refracta 176 
Wyethia amplexicaulis 152, 160, 290 
angustifolia 193 
arizoniea 160 
glabra 193 


Wyetlii a — continued. 
belenioides 193 
belianthoides 160 
mollis 290, 292 
seabra 160 

Xanthoxylum amerioanum 188 
Xyloscopa 91 

Yucca 60, 61, 91, 161, 162, 163, 164, 165, 166, 
167, 168, 174, 204, 277, 286, 301, 317, 
32S, 361 

arborescens 203, 204, 317 
baccata 14S, 171, 199, 291 
glauea 189, 291, 299, 363 
macroearpa 164, 167, 168, 169, 204, 291, 301 
radiosa 148, 163, 164, 165, 167, 168, 169, 170, 
171, 172, 204, 291,301,317 
Zauschneria californica 198 
Zea mays 288 
Zinnia 164, 166, 168, 169 
pumiia 148, 168, 171, 172, 175, 300 
Zizania 50 
aquatica 110 
Zizia aurea 130 
Zostera 59, 61 
Zygadenus 318, 319 
elegans 226, 234 
Zygophyllaeeae 162 



